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(54) Phase change recording with crystallization improving layer 



(57) An information recording medium (50) includes 
at least a recording layer (5) formed on a substrate (1), 
the recording layer (5) including a phase change layer 
(4) in which a reversible phase change is caused 
between a crystalline state and an amorphous state by 
irradiation of a light beam (27), and a crystallization- 
ability improving layer (3) for improving a crystallization 
ability of the phase change layer. The crystallization- 
ability improving layer (3) is formed before the phase 
change layer (4) is formed. Thus, crystal nucleus gener- 
ation and crystal growth are caused during formation of 
the phase change layer (4), so that at least a portion of 
the phase change layer (4) is in the crystalline phase 
after the formation. Thus, information signals can be 
recorded/reproduced at a high density and a high linear 
velocity, and thus the present invention provides a 
highly reliable optical information recording medium. 
Further, the present invention provides an information 
recording medium that allows a recording operation to 
be performed on the recording layer in the as-depo 
amorphous state without the initialization process. 
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Description 

[0001] The present invention relates to an optically recordable, reproducible, erasable and rewritable information 
recording medium, a method for manufacturing the medium and a method for recording/reproducing information ther- 
5 eon. 

[0002] Conventionally, for a phase changeable information recording medium, a multilayered film including a 
recording layer where a reversible phase change is caused between a crystalline state and an amorphous state is 
formed on a transparent disk substrate by sputtering or the like in the film formation process. The structure of the 
recording layer is amorphous after the film formation, and then the recording layer is subjected to a process for chang- 

10 ing the entire surface of the recording layer from the amorphous state to the crystalline state by optical or thermal 
means (hereinafter, referred to as an initialization process). Thus, a phase changeable information recording medium 
is manufactured. (In the specification of the present invention, the thus formed amorphous state in the film formation 
process is referred to as "as-depo amorphous" to be distinguished from the amorphous state formed by quenching after 
melting by power laser irradiation as described below.) 

15 [0003] In the phase changeable information recording medium, signals can be recorded or rewritten by irradiating 
the recording layer with a single laser beam while changing the power between high and low. When the recording layer 
is irradiated with a high power laser beam to be molten and then quenched, the recording layer becomes amorphous 
(recorded state). When the recording layer is irradiated with a low power laser beam to be warmed and then cooled 
gradually, the recording layer becomes crystalline (erased state). Thus, a recording mark on the order of several tenths 

20 um (several 100nm) is formed on the track. The signals are reproduced by utilizing the difference AR(%) 
(AR = | Rc-Ra | ) between the reflectance Rc (%) of the medium when the recording layer is in the crystalline phase 
and the reflectance Ra (%) of the medium when the recording layer is in the amorphous phase. In either the medium in 
which Rc > Ra or Ra> Rc, signals can be recorded / reproduced. 

[0004] In the initialization process, the reflectance of the medium changes from Ra to Rc. In particular, in the 
25 medium optically designed to achieve Ra > Rc, the reflectance is reduced so that it is preferable that Rc is 1 0% or more. 
[0005] The initialization process requires equipment provided with optical or thermal means. For example, in the 
case where a semiconductor laser is used as the optical means, operations for optimizing various conditions such as 
the shape of the laser beam, the power of laser irradiation, the cooling rate, the rotational speed of the medium and the 
period of time for irradiation with respect to each particular medium are required. In addition, other problems arise. For 
30 example, it is known that the volume of the recording layer is contracted by several % at the time of the phase change 
from the amorphous phase to the crystalline phase. Therefore, when the recording layer is crystallized after the multi- 
layered film is formed, the volume contraction of the recording layer generates new internal stress, which was not 
present immediately after the film formation, at least in the layer in contact with the recording layer. If the recording layer 
is as thin as 10nm or less, light absorption is small and heat is diffused readily, so that crystallization requires more 
35 power density so that a load is applied to grooves or address pits that previously have been transferred on the substrate. 
Thus, the initialization process poses a large number of problems. 

[0006] If the initialization process is eliminated, the plant investment and the development cost can be reduced, 
leading to a significant reduction in the cost of the medium. Different systems to eliminate the initialization process can 
be conceived for (1) the medium of Rc > Ra and (2) the medium of Ra > Rc. In order to obtain good servo characteris- 

40 tics, it is preferable to keep the reflectance high, and it is required that in the case of (1), the recording layer is in the 
crystalline phase (initial state Rc) after the film formation, and that in the case of (2), the recording layer is in the amor- 
phous phase (initial state Ra) after the film formation. Herein, the initial state refers to the state of the medium before 
recording. In order to meet these requirements, a technique to crystallize the recording layer during the film formation 
and a technique to record signals in an amorphous recording layer are required. 

45 [0007] A method for crystallizing a recording layer of a phase changeable optical information recording medium 
during the film-formation is disclosed in W098/47142. In this method, a crystallization accelerating layer made of a 
material whose crystal structure is face-centered cubic lattice or rhombohedral lattice is provided, and then the record- 
ing layer is formed directly on the crystallization accelerating layer and the substrate temperature is changed from 45°C 
to 110°C during the formation of the recording layer. Furthermore, the examples show that the crystallization acceler- 

so ating layer is formed of a material comprising at least one of Sb, Bi and Sb compounds and Bi compounds, and the 
recording layer of the phase changeable optical information recording medium manufactured by this method is formed 
in the crystalline state. 

[0008] Furthermore, PCT International Publication No. W098/38636 discloses methods for manufacturing a phase 
changeable optical information recording medium that is designed to attain Ra > Rc. In this disclosure, a method in 
55 which the substrate temperature is from 35°C to 1 50°C during formation of a recording layer, and a method in which the 
substrate temperature is from 35°C to 95°C immediately before formation of the recording layer are described. The thus 
produced phase changeable optical information recording medium can achieve high recording characteristics, even if 
recording is performed first on the as-depo amorphous recording layer without performing an initialization process. 
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[0009] However, in W098/471 42, Bi has a melting point as low as about 27 1 °C, so that it is impossible to raise sput- 
tering power. In W098/38636, in order to form a film having an as-depo amorphous recording layer by heating the sub- 
strate, the entire surface of the substrate is heated uniformly and the temperature is required to be kept constant. For 
example, when heating the substrate holder itself, it is very difficult to heat the entire substrate uniformly without con- 

5 tacting the entire surface of the substrate with the substrate holder so as to conduct heat to the substrate. However, 
when the substrate is contacted with the holder on its entire surface, scratches or dirt are likely to be generated on the 
surface of the substrate. In addition, when high frequency induction or flash heating is performed, complicated film- 
forming equipment is required in order to heat the substrate uniformly in a contactless manner in a vacuum apparatus. 
Moreover, it is difficult to keep a constant temperature stable immediately before or during formation of the film. Further- 

io more, it is necessary to measure the temperature of the substrate in a contactless manner in the vacuum apparatus and 
to monitor the temperature outside the apparatus, so that the apparatus inevitably becomes complicated and large- 
scale. 

[0010] It is believed that the reason why it conventionally is difficult to perform recording on an as-depo amorphous 
phase is that the as-depo amorphous phase is different in nature from the amorphous phase formed by irradiating a 

15 crystalline phase with laser. In general, the amorphous phase has several metastable energy states. When a medium 
is stored for a long time or under high temperature conditions, the energy state can be changed to a different energy 
state after the storage. For this reason, since optimal conditions for recording/reproducing are different between before 
and after the storage, the recording/reproducing characteristics can be changed when recording/reproducing is per- 
formed under the same conditions. For example, when a recording mark in the recording layer is shifted to be in a more 

20 stable energy state, sensitivity for erasure by crystallizing the recording layer is reduced, so that the erasure ratio can 
be dropped at the time of overwriting information signals. 

[0011] Therefore, with the foregoing in mind, it is a first object of the present invention to provide an information 
recording medium formed of a material having a high melting point where the recording layer is in a crystalline phase 
when the film formation is complete without warming the substrate, and thus does not require an initialization process, 
25 and a method for manufacturing the same, and to provide an information recording medium that requires reduced 
energy for crystallization. 

[0012] It is a second object of the present invention to provide an information recording medium that does not 
require precise control of the temperature of the substrate immediately before or during film-formation and that allows 
a recording operation to be performed on the recording layer in the as-depo amorphous state of the information record- 
30 ing medium optically designed to satisfy Ra > Rc, without the initialization process. 

[0013] It is a third object of the present invention to provide an information recording medium that does not require 
the initialization process and allows stable reading of addresses or tracking servo control even if Rc is substantially 0%, 
and to provide a method for manufacturing the information recording medium and a method for recording/reproducing 
information thereon. 

35 [0014] In order to achieve the above objects, an information recording medium of the present invention includes at 
least a recording layer formed on a substrate, the recording layer including a phase change layer in which a reversible 
phase change is caused between a crystalline state and an amorphous state by irradiation of a light beam, and a crys- 
tallization-ability improving layer for improving the crystallization ability of the phase change layer. The crystallization- 
ability improving layer is formed before forming the phase change layer. Thus, crystal nucleus generation and crystal 

40 growth are caused during formation of the phase change layer, so that at least a portion of the phase change layer is in 
the crystalline phase after the formation. In this embodiment, it is preferable that the crystallization-ability improving 
layer is formed of at least one selected from the group consisting of a telluride and a halogenide. More specifically, it is 
desirable that the telluride is at least one selected from the group consisting of SnTe. PbTe, Te, Sb 2 Te 3 , Bi 2 Te 3 , GeSbTe 
eutectic and GeBiTe eutectic, and that the thickness thereof is from 1nm to 10nm. It is desirable that the halogenide is 

45 at least one selected from the group consisting of ZnF 2 , AIF 3 , KF, CaF 2 , NaF, BaF 2 , MgF 2 , LaF 3 , and LiF, and that the 
thickness thereof is from 1nm to 20nm. It is preferable that the phase change layer is formed of a material comprising 
GeSbTe as the main component and having a halite type crystal structure. It is more preferable that also the crystalli- 
zation-ability improving layer has a halite type crystal structure. The phase change layer is formed preferably at a rate 
r (nm/min) in a range from 5nm/min to 20nm/min. It is possible to make the formed phase change layer be in the crys- 

so talline phase by using a telluride and a halogenide as the material for the crystallization-ability improving layer and form- 
ing the phase change layer at a low rate. 

[0015] Furthermore, the present invention has a function to achieve A < B, where A is an energy for crystallizing the 
phase change layer in the case where the crystallization-ability improving layer is formed, and B is an energy for crys- 
tallizing the phase change layer in the case where the crystallization-ability improving layer is not formed. 
55 [001 6] According to another aspect of the present invention, an information recording medium of the present inven- 
tion is a two layered information recording medium formed by attaching a first information recording medium comprising 
at least a first recording layer formed on a first substrate and a second information recording medium comprising at 
least a second recording layer formed on a second substrate. The first recording layer includes a phase change layer 
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in which a reversible phase change is caused between a crystalline state and an amorphous state by irradiation of a 
light beam, and a crystallization-ability improving layer for improving the crystallization ability of the phase change layer. 
The crystallization-ability improving layer is formed before forming the phase change layer, so that crystal nucleus gen- 
eration and crystal growth are caused during formation of the phase change layer, and at least a portion of the phase 
5 change layer is in the crystalline phase after the formation. This embodiment allows crystal nucleus generation and 
crystal growth during formation of the first recording layer, so that at least a portion of the phase change layer is in the 
crystalline phase after the formation. 

[0017] Furthermore, the present invention is an information recording medium including a recording layer on a sub- 
strate. The recording layer includes a phase change layer in which a reversible phase change is caused between a crys- 

10 talline state and an amorphous state by irradiation of a light beam (herein, "layer" refers not only to a layer formed 
uniformly all over, but also a layer formed in a shape of an island, which also applies to a crystal nucleus supplying 
layer); and a crystal nucleus supplying layer that is laminated on the phase change layer and accelerates crystallization 
of the phase change layer. The information recording medium of this embodiment allows recording to be started on the 
phase change layer in the as-depo amorphous state. Furthermore, the information recording medium of this embodi- 

15 ment provides a highly reliable information recording medium for recording/reproducing information signals at a high 
density and a high linear velocity. 

[0018] In the information recording medium, it is preferable that the crystal nucleus supplying layer and the phase 
change layer are formed from a substrate side in this order. It is preferable that the information recording medium further 
includes a second crystal nucleus supplying layer for accelerating crystallization of the phase change layer, and the 
20 phase change layer and the second crystal nucleus supplying layer are formed from a substrate side in this order. It is 
preferable that the phase change layer and the crystal nucleus supplying layer are formed from a substrate side in this 
order. 

[0019] In the information recording medium, it is preferable that the transition temperature Tx1 (°C) from the amor- 
phous phase to the crystalline phase of the crystal nucleus supplying layer (hereinafter, referred to crystallization tem- 

25 perature) and the crystallization temperature Tx2 (°C) of the phase change layer satisfy the relationship: Tx2 > Tx1. 
This embodiment facilitates the crystallization of the phase change layer. In the information recording medium, it is pref- 
erable that the melting point Tm1 (°C) of the crystal nucleus supplying layer and the melting point Tm2 (°C) of the phase 
change layer satisfy the relationship: Tm1 > Tm2. This embodiment provides an information recording medium in which 
the crystal nucleus supplying layer is highly stable even if the crystal nucleus supplying layer is provided nearer the 

30 laser beam incident side than the phase change layer is. 

[0020] In the information recording medium, it is preferable that the crystal nucleus supplying layer comprises Te. 
This embodiment facilitates the crystallization of the phase change layer because Te functions as the crystal nucleus. 
In the information recording medium, it is preferable that the crystal nucleus supplying layer comprises at least one 
selected from the group consisting of SnTe and PbTe. In the information recording medium, it is preferable that the crys- 

35 tal nucleus supplying layer comprises SnTe-M, where M is at least one selected from the group consisting of N, Ag, Cu, 
Co, Ge, Mn, Nb, Ni, Pd, Pt, Sb, Se, Ti, V, Zr and PbTe). Herein, SnTe-M is SnTe provided with M without changing the 
ratio of Te that is present with respect to the Sn that is present. For example, SnTe-M includes compounds of SnTe and 
M and eutectics of SnTe and M. The content of the M is preferably at most 50%, more preferably 0.5-50atom%. Further- 
more, a preferable composition of SnTe is the stoichiometric composition of Sn 5 oTe 50 (Sn : Te = 50 : 50), but a tolerance 

40 of about ±5% such as Sn 45 Te55 (Sn : Te = 45 : 55), and Sn 55 Te45 (Sn : Te = 55 : 45) is possible. 

[0021] In the information recording medium, it is preferable that the phase change layer is formed of a chalcogen 
based material. This embodiment provides an information recording medium on which information can be recorded at 
a high density. In the information recording medium, it is preferable that the phase change layer comprises at least one 
selected from the group consisting of GeTe, GeSbTe, TeSnSe, InSbTe, GeBiTe and AglnSbTe. In the information 

45 recording medium, it is preferable that the phase change layer comprises GeSbTe and at least one element selected 
from the group consisting of Ag, Sn, Cr, Mn, Pb, Bi, Pd, Se, In, Ti, Zr, Au, Pt, Al and N. 

[0022] In the information recording medium, it is preferable that the thickness dl (nm) of the crystal nucleus sup- 
plying layer and the thickness d2 (nm) of the phase change layer satisfy the relationship: d2>d1. This embodiment pre- 
vents the amount of a laser beam incident on the phase change layer from being insufficient. In the information. 
so recording medium, it is preferable that the thickness d1 (nm) of the crystal nucleus supplying layer is in the range of 0.3 
<d1 ^ 5. In the information recording medium, it is preferable that the thickness d2 (nm) of the phase change layer is in 
the range of 3 ^ d2 s 20 

[0023] In the information recording medium, the reflectance Rc (%) of the information recording medium when the 
phase change layer is in the crystalline phase and the reflectance Ra (%) of the information recording medium when 
55 the phase change layer is in the amorphous phase satisfy the relationship: Ra>Rc. This embodiment provides an infor- 
mation recording medium in which grooves or addresses formed on the substrate can be detected easily. 
[0024] According to another aspect of the present invention, a method for manufacturing an information recording 
medium of the present invention, the information recording medium comprising at least a recording layer, includes form- 
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ing the recording layer. The recording layer includes a phase change layer in which a reversible phase change is caused 
between a crystalline state and an amorphous state by irradiation of a light beam; and a crystal nucleus supplying layer 
that is laminated on the phase change layer and accelerates crystallization of the phase change layer. The method for 
manufacturing an information recording medium of this embodiment allows the information recording medium of the 
5 present invention to be produced easily. In the method for manufacturing an information recording medium, it is prefer- 
able that the step of forming the phase change layer is performed under a condition that allows the phase change layer 
to become amorphous. This embodiment allows as-depo recording. 

[0025] In the method for manufacturing an information recording medium, the rate r(nm/min) at which the phase 
change layer is formed is preferably in the range of m 30. This embodiment allows the formed phase change layer to 

10 be in the amorphous state. 

[0026] According to another aspect of the present invention, the present invention provides a method for record- 
ing/reproducing information on an information recording medium, the information recording medium comprising at least 
a recording layer. The recording layer includes a phase change layer and in which a reversible phase change is caused 
between the crystalline state and the amorphous state, and a crystal nucleus supplying layer that is laminated on the 

15 phase change layer and that facilitates the crystallization of the phase change layer. The information is recorded by 
causing the phase change in the phase change layer by irradiating the recording layer with a laser beam. The method 
for recording/reproducing information on an information recording medium of this embodiment allows information to be 
recorded reliably. 

[0027] In the method for recording/reproducing information on an information recording medium, it is preferable that 
20 the crystal nucleus supplying layer comprises at least one selected from the group consisting of SnTe and PbTe. This 
embodiment allows information to be recorded particularly reliably. 

[0028] In the method for recording/reproducing information on an information recording medium, it is preferable that 
the phase change layer comprises at least one selected from the group consisting of GeTe, GeSbTe, TeSnSe, InSbTe, 
GeBiTe and AglnSbTe. This embodiment allows information to be recorded particularly reliably. 
25 [0029] In the method for recording/reproducing information on an information recording medium, it is preferable that 
the formed phase change layer is in the amorphous state, and recording information is started on the phase change 
layer in the amorphous state without the phase change layer being crystallized. 

[0030] These and other advantages of the present invention will become apparent to those skilled in the art upon 
reading and understanding the following detailed description with reference to the accompanying figures. 

30 

FIG. 1 is a cross-sectional view showing an example of the structure of an information recording medium of the 
present invention. 

FIG. 2 is a cross-sectional view showing another example of the structure of an information recording medium of 
the present invention. 

35 FIG. 3 is a cross-sectional view showing an example of the structure of a portion of a two-layered information 
recording medium of the present invention. 

FIGs. 4A to 4C are graphs showing the temperature dependence of the transmission for determining the phase 
structure of a crystallization-ability improving layer or a recording layer laminated on the crystallization-ability 
improving layer of the present invention. In the graphs, the temperature on the horizontal axis is plotted against the 
40 transmission on the vertical axis. FIG. 4A is a graph in the case where the phase structure is an amorphous phase. 

FIG. 4 B is a graph in the case where the phase structure is a mixed state of amorphous and crystalline phases. 
FIG. 4C is a graph in the case where the phase structure is a crystalline phase. 

FIG. 5 is a cross-sectional view showing another example of the structure of a portion of the information recording 
medium of the present invention. 
45 FIG. 6 is a cross-sectional view showing still another example of the structure of a portion of the information record- 
ing medium of the present invention. 

FIG. 7 is a cross-sectional view showing yet another example of the structure of a portion of the information record- 
ing medium of the present invention. 

FIG. 8 is a diagram showing modulated waveforms of laser beams used for recording by the method for record- 
so ing/reproducing information on the information recording medium of the present invention. In the diagram, the hor- 
izontal axis shows time and the vertical axis shows laser power. 

[0031] Hereinafter, the present invention will be described more specifically with reference to the accompanying 
drawings. First, an invention intended to eliminate initialization and to make the phase change layer be in the crystalline 
55 state when the film is complete will be described with reference to FIGs. 1 to 3. 

[0032] FIG. 1 shows an example of the structure of an information recording medium 50 of the present invention. 
The information recording medium 50 includes a protective layer 2, a crystallization-ability improving layer 3, a phase 
change layer 4, a protective layer 6 and a reflection layer 7 laminated sequentially on a substrate 1 in this order. A 
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dummy substrate 9 is attached thereto with an adhesive layer 8. A recording layer 5 includes the crystallization-ability 
improving layer 3 and the phase change layer 4. 

[0033] As the substrate 1 , a transparent disk formed of a polycarbonate resin, a polymethylmethacrylate resin, a 
polyolefin resin, a norbomene type resin, an ultraviolet curable resin, glass or the like can be used. The thickness of the 
5 substrate 1 is not limited to a particular thickness, but a thickness of about 0.05 to 2.0mm can be used. A spiral or con- 
centric circular guide groove for tracking of laser light is provided on the surface of the substrate 1 on which the film is 
to be formed, if necessary. The surface on which the film is not formed is smooth. 

[0034] The protective layers 2 and 6 are dielectric thin films and have the following functions. They improve the opti- 
cal absorption efficiency to the recording layer by adjusting the optical path so as to attain a significant change in the 

w amount of reflected light between before and after recording so that the signal amplitude can be enlarged. For the pur- 
pose of suppressing an increase of noise due to thermal damage or the Oke to the recording layer 5, and adjusting the 
reflectance and the absorptance with respect to laser light 27 and the phase of the reflected light, it is preferable to use 
a material that is physically and chemically stable, has a melting point and a softening point higher than the melting 
point of the recording layer 5, and does not form a solid solution with the material of the recording layer. Examples of 

15 the material include an oxide of Y, Ce, Ti, Zr, Nb, Ta, Co, Zn f Al, Si, Ge. Sn, Pb, Sb, Bi, Te or the like, a nitride of TI, Zr, 
Nb, Ta, Cr, Mo, W, B, Al, Ga, In, Si, Ge, Sn t Pb or the like, a carbide of Ti, Zr, Nb, Ta, Cr, Mo, W f Si or the like, a sulfide 
of Zn, Cd, or the like, a selenide or a telluride, a fluoride of Mg, Ca or the like, a single-element substance such as C, 
Si, Ge or the like, and a dielectric or a quasi-dielectric comprising a mixture of these. Among these, a mixture, ZnS-Si0 2 
is amorphous and has a high refractive index, a high film-forming rate, good mechanical characteristics and good resist- 

20 ance against humidity, and thus can be an especially excellent protective layer. The thickness of the protective layer can 
be determined precisely in such a manner that the change in the amount of reflected light in the recording layer from 
when it is in the crystalline state (before recording) to when it is in the amorphous state (after recording) is largest and 
the optical absorption to the recording layer 5 is largest, according to the calculation based on a matrix method (e.g., 
refer to "Wave Optics" by Hiroshi Kubota et al., Section 3, Iwanami Shinsho, 1971). The protective layers 2 and 6 can 

25 be formed of different materials or compositions, if necessary, or can be formed of the same material or composition. 
[0035] The crystallization-ability improving layer 3 of the present invention functions to generate crystalline nucleus 
and cause crystal growth of the phase change layer 4 formed on the crystallization-ability improving layer 3 to crystallize 
the phase change layer 4 during the formation. If the formed crystallization-ability improving layer 3 itself has a crystal 
structure, the function becomes large. Generally, the structure of a thin film obtained by cooling a vapor phase is sus- 

30 ceptible to the influence of the structure of the substrate. It is believed that crystallization is accelerated by providing a 
layer made of a crystalline material before forming the phase change layer 4. It is believed that the more similar the crys- 
tal structure of the crystalline layer is to that of the recording layer, the larger the effect is. For example, in the case of a 
Ge-Sb-Te based material, the crystal structure of the recording layer is of a halite type, and if the crystallization-ability 
improving layer 3 is constituted of crystals with a halite type structure, the function becomes larger. Examples of the 

35 material that has the crystallization effect for the crystallization-ability improving layer 3 include a telluride such as SnTe 
and PbTe, which are high-speed crystallization materials, Te f Sb2Te 3 , Bi2Te 3 , GeSbTe eutectic, and GeBiTe eutectic, 
which have a low melting point, or a halogenide such as CaF 2 , MgF 2> LaF, AIF 3 , NaF, BaF 2 , KF, LiF and ZnF 2 . In par- 
ticular, SnTe, PbTe, NaF, LiF and KF provide a large effect. In the case of the telluride, since the crystallization-ability 
improving layer 3 itself absorbs light, the thickness preferably is as small as 1nm to 10nm so that optical absorption by 

40 the phase change layer 4 is larger. In the case of the halogenide, since the crystallization-ability improving layer 3 itself 
hardly absorbs light, the thickness can be in the range from 1nm to 20nm. 

[0036] For the phase change layer 4, it is preferable to use a material in which a phase change is caused reversibly 
between the crystalline state and the amorphous state by irradiation of light beams and whose optical constants (refrac- 
tive index n and extinction coefficient k) are changed. Te-based materials such as Ge-Sb-Te and Ge-Bi-Te, and materi- 

45 als comprising the Te based materials and at least one element selected from Au, Ag, Cu, Al, Pd, Pt, Ce, Sn, Mn, Cr, 
and Ti can be used. Furthermore, nitrogen can be added. Among Ge-Sb-Te, in particular, a GeTe-Sb 2 Te 3 quasi-binary 
composition, which is a high-speed crystallization material, can ensure good recording/erasing performance. The com- 
position range of GeTe : Sb 2 Te 3 = 1-6 : 1 is excellent in the phase stability, so that the composition is preferable for prac- 
tical use. The phase change layer 4 comprising nitrogen is formed by performing reactive sputtering in an Ar gas and 

so N 2 gas atmosphere, using such a Te-based material as the basic material. The phase structures of the formed crystal- 
lization-ability improving layer 3 and the formed phase change layer 4 are evaluated by forming a thin film about 1 0nm 
thick on quartz glass and investigating the temperature at which an optical change is caused while heating the film to 
about 350°C with a He-Ne laser. Furthermore, the thickness of the crystallization-ability improving layer 3, and the 
reflectance and transmission are experimentally investigated so that the complex refractive index with respect to a pre- 

55 determined laser wavelength is obtained. The obtained complex refractive index is used for the optical calculation of the 
multilayered film by the matrix method so that the structure of the information recording medium is determined. 
[0037] The recording layer 5 of the present invention has a two-layered structure composed of the crystalline crys- 
tallization-ability improving layer 3 and the phase change layer 4, which is formed after the crystalline crystallization- 
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ability improving layer 3 is formed. This two-layered structure makes it easy to generate the crystal nucleus at the inter- 
face with the crystallization-ability improving layer 3 of the phase change layer 4, and crystal growth is caused in the 
phase change layer 4, so that the formed phase change layer 4 is in the crystalline state. Recording/reproducing of 
information is performed by utilizing the optical changes in the phase change layer 4. Hereinafter, 'the recording layer 
5 5 is in the crystalline state or the amorphous state" refers to "the phase change layer 4 is in the crystalline state or the 
amorphous state", unless the context otherwise requires. 

[0038] The reflection layer 7 functions to increase the amount of light absorbed by the recording layer 5 in the opti- 
cal respect, and to allows heat generated in the recording layer 5 to diffuse swiftly for facilitating the amorphous struc- 
ture in the thermal respect Furthermore, the reflection layer 7 also has the function of protecting the multilayered film 
10 from the environment where it is used. Examples of the material for the reflection layer 7 include a single metal material 
having a high thermal conductivity such as Al f Au, Ag and Cu, or an alloy material comprising at least one element of 
these as the main component and at least one other element added for the purpose of improving the resistance against 
humidity or adjusting the thermal conductivity, such as Al-Cr, Al-Ti. Ag-Pd, Ag-Pd-Cu, and Ag-Pd-Ti. These materials 
are excellent in anti-corrosion and satisfy the requirements for quenching. The reflection layer 7 is not necessarily pro- 
fs vided, because the amorphous state may be obtained sufficiently without the quenching effect, depending on the 
recording conditions such as the linear velocity or the composition of the phase change layer. 

[0039] After the films from the protective layer 2 through the reflection layers 7 are formed, the reflection layer 7 is 

coated with the adhesive layer 8 by spinning, and then the dummy substrate 9 is attached thereto. 

[0040] As the adhesive layer 8, a material having high heat resistance and adhesiveness, for example adhesive 

20 resins such as an ultraviolet curable resin, can be used, and a material based on an acrylic resin or a material based 
on an epoxy resin are usable. A disk of a one-face structure can be obtained by attaching the multilayered film to a 
dummy substrate with an adhesive resin such as an ultraviolet resin having the same nature as above or a different 
nature, an adhesive tape having two adhesive faces, a dielectric film, or a combination thereof, as shown in FIG. 1. 
Alternatively, a disk of a two-face structure can be obtained by attaching two multilayered films with their film sides fac- 

25 ing each other. 

[0041] The dummy substrate 9 is provided to increase the mechanical strength of the information recording 
medium 50 and protect the multilayered film laminate. The dummy substrate 9 can be formed of a material selected 
from the materials that can be used for the substrate 1 . It is important to use a material that does not cause mechanical 
curving or distortion in the information recording medium 50 attached to the dummy substrate. The dummy substrate 9 

30 is not necessarily formed of the same material nor in the same thickness as those of the substrate 1 . 

[0042] FIG. 2 shows an example of the structure of an information recording medium 51 of the present invention. 
The information recording medium 51 includes a protective layer 2, an interface layer 10, a crystallization-ability improv- 
ing layer 3, a phase change layer 4, an interface layer 11, a protective layer 6, an light-absorption correcting layer 12 
and a reflection layer 7 laminated sequentially on a substrate 1 in this order. A dummy substrate 9 is attached thereto 

35 with an adhesive layer 8. This information recording medium 51 is provided with the light-absorption correcting layer 12 
between the protective layer 6 and the reflection layer 7 to attain such a light absorption that the light-absorptance Ac 
of the recording layer 5 that is in the crystalline state is larger than the light-absorptance Aa of the recording layer 5 that 
is in the amorphous state. Also in this structure, it is confirmed that the phase change layer 4 is crystallized by forming 
the crystallization-ability improving layer 3 before forming the phase change layer 4. 

40 [0043] For the substrate 1, the protective layers 2 and 6 f the crystallization-ability improving layer 3, the phase 
change layer 4, the reflection layer 7, the adhesive layer 8, and the dummy substrate 9, the same types of materials as 
those in FIG. 1 can be used. 

[0044] For the interface layers 1 0 and 1 1 , it is preferable to use a material that has a function to prevent substances 
generated between the protective layer 2 and the recording layer 5 and the protective layer 6 and the recording layer 5 

45 by repeated recording from moving, and comprises a nitride, an oxide, a nitrogen oxide, or a carbide based on Si, Al, 
Zr, Ti, Ge, Ta, or Cr, or a mixture thereof as the main component. Providing either one of the interface layer 10 and 1 1 
on one side can be sufficient for the above-described function, but it is more preferable to provide two interface layers 
on both sides. In this case, different materials or compositions can be used, if necessary, or the same material or com- 
position can be used. The interface layers can be formed by performing reactive sputtering from a metal basic material 

so in an Ar gas and reactive gas atmosphere, or sputtering from a compound basic material in an Ar gas atmosphere. 
When these interface layers are thick, the reflectance or the absorptance of the multi-layered structure is changed sig- 
nificantly, so that the recording/erasing performance is affected. Therefore, the thickness is preferably 2nm to 10nm, 
and more preferably about 2nm to 5nm. 

[0045] For the light-absorption correcting layer 12, it is preferable to use a material that adjusts the light 
55 absorptance ratio of the recording layer 5 in the crystalline state and the recording layer 5 in the amorphous state and 
does not cause the shape of marks to be distorted at the time of overwriting. In addition, it is preferable that the material 
has a high refractive index and absorbs light to an appropriate extent for the purpose of raising the difference in the 
reflectance of the recording layer 5 between in the crystalline state and in the amorphous state so as to enlarge the sig- 
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nal amplitude. For example, a material having a refractive index n of at least 3 and not more than 6 and an extinction 
coefficient k of at least 1 and not more than 4 can be used. More specifically, it is preferable to use a Ge alloy and a Si 
alloy that are amorphous, such as Ge-Cr, Ge-Mo, Si-Cr, Si-Mo and Si-W, or tellurides, crystalline metals such as Ti, Zr, 
Nb, Ta, Cr, Mo, W, SnTe and PbTe, a semi-metal or a semiconductor material. 

5 [0046] FIG. 3 is an example of the structure of a two-layered information recording medium 52 of the present inven- 
tion where a first information recording medium 20 and a second information recording medium 29 are attached. Laser 
light 27 is incident from the side of a first substrate 13 and recording/reproducing is performed on one side of each of 
the information recording media 20 and 29, so that it is not necessary to reverse the medium and the medium can have 
twice as much recording/reproducing capacitance. 

10 [0047] The same types of materials as those of the substrate 1 in FIG. 1 can be used for the first substrate 1 3 and 
the second substrate 28. 

[0048] The same types of materials as those of the protective layers 2 and 6 in FIG. 1 can be used for the first pro- 
tective layers 14 and 19 and the second protective layers 22 and 26. 

[0049] The same types of materials as those of the interface layers 10 and 1 1 in FIG. 2 can be used for the first 

15 interface layers 15 and 18 and the second interface layers 23 and 25. 

[0050] The crystallization-ability improving layer 3 of the present invention is formed on the first optical information 
recording medium 20, and can be formed of a material of the same type as described with reference to FIG. 1. 
[0051] Recording/ reproducing on the second information recording medium 29 is performed by the laser light 27 
that has passed through the first information recording medium 20. Therefore, the second information recording 

20 medium 20 is optically designed so that the transmission thereof is as high as possible. For this reason, the phase 
change layer 4 of the information medium 20 is designed to be as thin as about 5 nm to about 8nm. It is preferable that 
the crystallization-ability improving layer 3 also is as thin as 1nm to 3nm. Since the phase change layer 4 is thin, large 
laser energy is required in the initialization process. However, forming the crystallization-ability improving layer 3 even 
as thin as 1nm facilitates crystallization of the phase change layer 4, so that the laser energy can be reduced signifi- 

25 cantly. When the crystallization-ability improving layer 3 having a thickness of 3nm is formed, the phase change layer 4 
is in the crystalline state after the formation. 

[0052] For the second recording layer 24, a material selected from the materials as described for the phase change 
layer 4 can be used. 

[0053] The first recording layer 1 7 of the present invention has the same function as that of the recording layer 5 in 
30 FIG. 1. 

[0054] For a separating layer 21, it is preferable to use a transparent material having high heat-resistance and 
adhesiveness in a wavelength X of the laser light 27 in order to perform recording/reproducing on each of the first infor- 
mation recording medium 20 and the second information medium 29 by laser light 27. More specifically, for example, 
an adhesive resin such as an ultraviolet curable resin, an adhesive tape having two adhesive faces, a dielectric film or 

35 a combination thereof can be used. The thickness of the separating layer 21 is required to be more than the depth of 
focus, for example, 2p.m or more. With this thickness, when signal information is recorded/reproduced on either one of 
the first information recording medium 20 and the second information recording medium 29, signal information recorded 
in the other information recording medium can be prevented from being disturbed or mixed. Moreover, the total of the 
thickness of the separating layer and the substrate thickness is required to be within the range of the tolerance of the 

40 substrate thickness, for example, 1 0Ojim or less, so that the laser light 27 can reach both of the first information record- 
ing medium 20 and the second information recording medium 29. 

[0055] For the reflection layer 7, the same materials as described with reference to FIG. 1 can be used. 

[0056] Hereinafter, the present invention will be described by way of the examples that do not require initialization 

and where information can be recorded in the as-depo amorphous state with reference to FIGs. 5 to 7. 

45 [0057] FIG. 5 shows an example of the structure of an information recording medium 53 of the present invention. 
The information recording medium 53 includes a protective layer 2, an interface layer 10, a crystal nucleus supplying 
layer 32, a phase change layer 33, an interface layer 1 1, a protective layer 6 and a reflection layer 7 laminated sequen- 
tially on a substrate 1 in this order. A dummy substrate 9 is attached thereto with an adhesive layer 8. A recording layer 
31 includes the crystal nucleus supplying layer 32 and the phase change layer 33 laminated in this order from the side 

so of the substrate 1 (which also applies to the following embodiments). 

[0058] The recording layer 31 includes the crystal nucleus supplying layer 32 and the phase change layer 33 lami- 
nated above the substrate 1. The crystal nucleus supplying layer 32 is intended to facilitate the crystallization of the 
phase change layer 33. The phase change layer 33 is intended to undergo a phase change reversibly between the crys- 
talline state and the amorphous state, and information is recorded by this phase change. In the information recording 

55 medium 53, since the recording layer 31 has the above-described structure, crystallization is caused in the phase 
change layer 33 more readily from the interface with the crystal nucleus supplying layer 32. 

[0059] In order to cause crystallization in the phase change layer 33 more readily, it is preferable that the crystal 
nucleus supplying layer 32 has a lower crystallization temperature (transition temperature from the amorphous phase 
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to the crystalline phase) than that of the phase change layer 33, and is formed of a material whose crystalline state is 
stable. In other words, the crystallization temperature Tx1 (°C) of the crystal nucleus supplying layer 32 and the crys- 
tallization temperature Tx2 (°C) of the phase change layer 33 satisfies the relationship: Tx2 > Tx1 (which also applies 
to the following embodiments). 

[0060] The phase change layer 33 is formed of a material in which a phase change is caused reversibly between 
the crystalline state and the amorphous state by irradiation of light beams. The phase change layer 33 can be formed 
of a chalcogen based material, for example. More specifically, among chalcogen materials, it is preferable to use a 
material comprising at least one selected from the group consisting of GeTe, GeSbTe, TeSnSe, InSbTe, GeBiTe and 
AglnSbTe for the phase change layer 33. Alternatively, for the phase change layer 33. a material comprising GeSbTe 
and at least one element selected from the group consisting of Ag, Sn, Cr, Pb, Bi, Pd, Se, In, Ti, Zr, Au, Pt, Al, Mn, Cu 
and N can be used. Among the Ge-Sb-Tb based materials, in particular, the GeTe-Sb 2 Te 3 quasi-binary based compo- 
sition, which is a high speed crystallization material, is preferable because it ensures good recording/erasing perform- 
ance. In this case, the composition range of GeTe : Sb 2 Te 3 =1-6 : 1 is preferable for practical use because of its 
excellent phase stability. The crystallization temperature of the phase change layer 33 is from about 140°C to about 
240° C and the melting point thereof is from about 600°C to about 650°C. The crystal structure of the phase change 
layer 33 is NaCI type in the ease of the crystallization by laser irradiation. The phase change layer 33 is in the amor- 
phous state when it is formed, and it can be recorded in the as-depo amorphous state. The thickness of the phase 
change layer 33 is at least 3nm and not more than 20nm, for example. 

[0061] Therefore, a material comprising Te is preferable for the crystal nucleus supplying layer 32, and a material 
comprising at least one selected from the group consisting of SnTe and PbTe is most preferable. 
[0062] In the case where the crystal nucleus supplying layer 32 is formed on the laser incident side of the phase 
change layer 33, as the information recording medium 53, light beams reach the crystal nucleus supplying layer 32 first 
and are absorbed thereby. Therefore, it is preferable that the melting point of the crystal nucleus supplying layer 32 is 
higher than that of the phase change layer 33. In other words, it is preferable that the melting point Tm1 (°C) of the crys- 
tal nucleus supplying layer 32 and the melting point Tm2 (°C) of the phase change layer 33 satisfies the relationship: 
Tm1 > Tm2. This is preferable because when recording signals by irradiating the phase change layer 33 with laser 
beams having a high power, the crystal nucleus supplying layer 32 is prevented from being molten at the same time, so 
that the function as the crystal nucleus supplying layer is not impaired in the process of melting and quenching. Table 
1 shows the crystallization temperature and the melting point of materials comprising Te as a material for the crystal 
nucleus supplying layer 32. 



Table 1 



Crystal nucleus supply- 
ing layer material 


Crystallization tempera- 
ture (°C) 


Melting point (°C) 


Sb 2 Te 3 


150 


620 


Bi 2 Te 3 


<25 


590 


Sb 


145 


620 


Te 


<25 


450 


SnTe 


<25 


806 


PbTe 


<25 


920 


GeSbTe eutectic 


120 


593 


GeBiTe eutectic 


<25 


552 



[0063] As shown in Table 1 , SnTe and PbTe are particularly preferable as the material for the crystal nucleus sup- 
plying layer in view of the melting point. 

[0064] Since it is preferable that the crystal nucleus supplying layer 32 is stable in the crystalline state, the thickness 
of the crystal nucleus supplying layer 32 is preferably 2nm or more, more preferably is larger than that (because when 
it is thin, the number of atoms is insufficient for crystallization). However, when the crystal nucleus supplying layer 32 is 
thick, energy beams are absorbed by the crystal nucleus supplying layer 32, so that the energy beams do not reach the 
phase change layer 33. Therefore, the thickness of the crystal nucleus supplying layer 32 is preferably 2nm to 4nm. 
[0065] The crystal nucleus supplying layer 32 can be formed by sputtering from a basic material in an Ar gas or an 
Ar-N 2 mixed gas atmosphere. In this case, in order for the phase change layer 33 to be in the as-depo amorphous state, 
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it is preferable that the film-forming rate of the phase change layer 33 is about 30nm/min. or more. According to the 
experiments of the inventors of the present invention, in the case where the thickness of the crystallization-ability 
improving layer is 5nm and the thickness of the recording layer is 1 Onm, the recording layer is crystallized in the process 
of being formed when the film-forming rate of the recording layer is 5nm/min to 20nm/min. When the rate is 30nm/min 

5 to 40nm/min f a mixed state of the as-depo amorphous phase and the crystalline phase is attained. When the rate is 
50nm/min, the recording layer results in the as-depo amorphous state. Even if the crystal nucleus supplying layer 32 is 
present as in the reversible phase changeable optical information recording medium 10, if the film-forming rate of the 
phase change layer 33 is slow, the phase change layer 33 may be crystallized during the formation. Although the film- 
forming rate that allows the phase change layer 33 to be crystallized during the formation is varied depending on the 

10 combination of the thickness of the crystal nucleus supplying layer 32 and the thickness of the phase change layer 33, 
the film-forming rate of the phase change layer 33 preferably is 30nm/min or more, and more preferably is 40nm/min 
more in order to prevent the crystallization of the phase change layer 33. 

[0066] In the information recording medium 53, when any material of SnTe, SnTe-M (where M comprises at least 
one selected from the group consisting of N, Ag, Cu, Co, Ge, Mn, Nb, Ni, Pd, Pt, Sb, Se, Ti, V, Zr and PbTe), PbTe, 

15 Sb 2 Te 3 , Bi 2 Te 3 , Te, GeSbTe eutectic, or GeBiTe eutectic is used as the crystal nucleus supplying layer 32, information 
can be recorded in the phase change layer 33 in the as-depo amorphous state (as-depo recording). In particular, when 
a material comprising SnTe or PbTe, which has a high melting point, is used, good results are obtained. 
[0067] When any material that comprises at least one selected from the group consisting of GeTe, GeSbTe, 
TeSnSe, InSbTe, GeBiTe, AglnSbTe and GeSbTe and, in addition, at least one selected from the group consisting of Ag, 

20 Sn, Cr, Pb, Bi, Pd. Se, In, Ti, Zr, Au, Pt, Al, Mn and N is used, the as-depo recording is possible. 

[0068] As described above, the information recording medium 53 makes the as-depo recording possible. 
[0069] FIG. 6 is a cross-sectional view showing an example of the structure of an information recording medium 54 
of the present invention. The information recording medium 54 includes a protective layer 2, an interface layer 10, a 
recording layer 34, an interface layer 1 1, a protective layer 6 and a reflection layer 7 laminated sequentially on a sub- 

25 strate 1 in this order. A dummy substrate 9 is attached thereto with an adhesive layer 8, which is formed on the reflection 
layer 7. The recording layer 34 includes the phase change layer 33 and the crystal nucleus supplying layer 35 laminated 
in this order from the side of the substrate 1 . The portions other than the recording layer 34 are the same as those of 
the information recording medium 53 described with reference to FIG. 5. Therefore, a duplicated description is omitted. 
[0070] The functions of the recording layer 34, the crystal nucleus supplying layer 35 and the phase change layer 

30 33 are the same as those of the recording layer 31 , the crystal nucleus supplying layer 32 and the phase change layer 
33 described with reference to FIG. 5, respectively. The crystal nucleus supplying layer 35 is intended to facilitate the 
crystallization of the phase change layer 33. The phase change layer 33 is intended to undergo phase change reversi- 
bly between the crystal state and the amorphous state, and information is recorded by the phase change. In the infor- 
mation recording medium 54, since the recording layer 34 has the above-described structure, crystallization in the 

35 phase change layer 33 is caused more readily from the interface with the crystal nucleus supplying layer 35. 

[0071] In the information recording medium 54, unlike the information recording medium of the FIG. 5, the recording 
layer 34 includes the phase change layer 33 and the crystal nucleus supplying layer 35 laminated in this order from the 
substrate 1 side. 

[0072] The phase change layer 33 is similar to the phase change layer 33 of the information recording medium 53. 

40 [0073] Unlike the crystal nucleus supplying layer 32 of the information recording medium 53, the crystal nucleus 
supplying layer 35 is laminated on the side opposite to the laser incident side with respect to the phase change layer 
33. Therefore, a material having a lower melting point than that of the phase change layer 33 also can be used suitably 
for the crystal nucleus supplying layer 35. More specifically, in addition to the materials for the crystal nucleus supplying 
layer 32 described with reference to FIG. 5, not only SnTe and PbTe, but also Sb 2 Te 3 , Bi 2 Te 3 , Te, a GeSbTe eutectic 

45 composition or a GeBiTe eutectic composition can be used suitably as the material comprising Te. Furthermore, in the 
information recording medium 54, since energy beams pass through the phase change layer 33 and then are incident 
on the crystal nucleus supplying layer 35, the crystal nucleus supplying layer 35 can be thicker than that of the informa- 
tion recording medium 53. More specifically, the thickness of the crystal nucleus supplying layer 35 is preferably about 
2nm to 5nm. Furthermore, the film-forming rate of the phase change layer 33 is preferably about 30nm/min or more so 

so that the phase change layer 33 is in the amorphous state after the formation. 

[0074] In the information recording medium 54, when any material of SnTe, SnTe-M (where M comprises at least 
one selected from the group consisting of N, Ag, Cu, Co, Ge, Mn. Nb, Ni, Pd, Pt Sb, Se, Ti, V, Zr and PbTe), PbTe, 
Sb 2 Te 3 , Bi 2 Te 3 , Te, GeSbTe eutectic, or GeBiTe eutectic is used as the crystal nucleus supplying layer 35, information 
can be recorded in the phase change layer 33 in the as-depo amorphous state (as-depo recording). In the information 

55 recording medium 54, good results are obtained with any of the materials described above. 

[0075] When any material that comprises at least one selected from the group consisting of GeTe, GeSbTe, 
TeSnSe, InSbTe, GeBiTe, AglnSbTe and GeSbTe and, in addition, at least one selected from the group consisting of Ag, 
Sn, Cr, Pb, Bi, Pd, Se, In, Ti, Zr, Au. Pt, Al, Mn and N is used as the phase change layer 33, the as-depo recording is 
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possible. 

[0076] As described above, the information recording medium 54 in FIG. 6 provides the same effect as the informa- 
tion recording medium 53. 

[0077] FIG. 7 shows an example of the structure of an information recording medium 55 of the present invention. 

5 The information recording medium 55 includes a protective layer 2, an interface layer 10, a recording layer 36, an inter- 
face layer 1 1 , a protective layer 6 and a reflection layer 7 laminated sequentially on a substrate 1 in this order. A dummy 
substrate 9 is attached thereto with an adhesive layer 8, which is formed on the reflection layer 7. The recording layer 
36 includes the crystal nucleus supplying layer 32, the phase change layer 33 and the crystal nucleus supplying layer 
35 laminated in this order from the side of the substrate 1. The portions other than the recording layer 36 are the same 

10 as those of the information recording medium 53 described with reference to FIG. 5. Therefore, a duplicated description 
is omitted. 

[0078] The crystal nucleus supplying layers 32 and 35 have the same functions as those of the crystal nucleus sup- 
plying layer 32 described with reference to FIG. 5. The crystal nucleus supplying layers 32 and 35 are intended to facil- 
itate the crystallization of the phase change layer 33. In the information recording medium 55, since the recording layer 
15 36 has the above-described structure, crystallization in the phase change layer 33 is caused more readily from the inter- 
face with the crystal nucleus supplying layers 32 and 35. 

[0079] In the information recording medium 55, unlike the information recording medium 53 of the FIG. 5, the phase 
change layer 33 is interposed between the crystal nucleus supplying layers 32 and 35. 

[0080] The phase change layer 33 is formed of a material that is described for the phase change layer 33 in FIG. 5. 

20 [0081] The same materials as those for crystal nucleus supplying layer 32 described with reference to FIG. 5 can 
be used for the crystal nucleus supplying layer 32. For the crystal nucleus supplying layer 32, it is preferable to use a 
material having a higher melting point than that of the phase change layer 33 among the materials comprising Te. 
[0082] The same materials as those for the crystal nucleus supplying layer 35 described with reference to FIG. 6 
can be used for the crystal nucleus supplying layer 35. For the crystal nucleus supplying layer 35, a material having a 

25 lower melting point than that of the phase change layer 33 also can be used suitably for the crystal nucleus supplying 
layer 35 among the materials comprising Te. 

[0083] The materials for the crystal nucleus supplying layers 32 and 35 can be different. For example, the crystal 
nucleus supplying layer 32 can be formed of SnTe, and the crystal nucleus supplying layer 35 can be formed of PbTe. 
Furthermore, the crystal nucleus supplying layer 32 can be formed of PbTe, and the crystal nucleus supplying layer 35 
30 can be formed of a GeBiTe eutectic composition. However, it is advantageous that the crystal nucleus supplying layers 
32 and 35 are formed of the same material, because the number of basic materials are reduced during film-formation, 
and the forming apparatus can be simplified. 

[0084] The thicknesses of the crystal nucleus supplying layers 32 and 35 can be different, but preferably the total 
thickness of both the layers is 5nm or smaller. For example, the thickness of the crystal nucleus supplying layer 32 can 

35 be 1 nm, and the thickness of the crystal nucleus supplying layer 35 can be 2nm. Alternatively, the thickness of the crys- 
tal nucleus supplying layer 32 can be 2nm, and the thickness of the crystal nucleus supplying layer 35 can be 3nm. 
[0085] In the information recording medium 55, when any material of SnTe, SnTe-M (where M comprises at least 
one selected from the group consisting of N, Ag, Cu, Co, Ge, Mn, Nb, Ni, Pd, Pt, Sb, Se, Ti, V, Zr and PbTe), PbTe, 
Sb 2 Te 3 , Bi 2 Te 3 , Te, GeSbTe eutectic, or GeBiTe eutectic is used as the crystal nucleus supplying layers 32 and 35, as- 

40 depo recording is possible. In particular, a material comprising SnTe or PbTe, which has a high melting point, is used, 
good results are obtained. 

[0086] When any material that comprises at least one selected from the group consisting of GeTe, GeSbTe, 
TeSnSe, InSbTe, GeBiTe, AglnSbTe and GeSbTe and, in addition, at least one selected from the group consisting of Ag, 
Sn, Cr, Pb, Bi, Pd, Se, In, Ti, Zr, Au, Pt, Al, Mn and N is used, as-depo recording is possible. 
45 [0087] As described above, the information recording medium 55 in FIG. 7 provides the same effect as the informa- 
tion recording medium 53. 

[0088] The information recording media in FIGs. 5 to 7 are designed to attain Ra > Rc, and signals can be recorded 
on the phase change layer 33 in the as-depo amorphous state without the initialization process. 
[0089] Next, an example of a method for manufacturing the information recording medium of the present invention 
so will be described. 

[0090] The method for manufacturing the information recording medium of the present invention, the information 
recording medium including a recording layer, includes forming a recording layer comprising a phase change layer in 
which a phase change is caused reversibly between the crystalline state and the amorphous state and a crystal nucleus 
supplying layer laminated on the phase change layer that facilitates the crystallization of the phase change layer. Here- 
55 inafter, a method for manufacturing the information recording medium 53 in FIG. 5 will be described with reference to 
FIG. 5. 

[0091 ] First, a protective layer 2 and an interface layer 1 0 are formed on a substrate 1 . These layers can be formed 
by reactive sputtering from targets (metal basic materials) of the materials thereof in an Ar gas and a reactive gas 
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atmosphere, or by sputtering from compound basic materials in an Ar gas atmosphere or an Ar gas and a reactive gas 
atmosphere. 

[0092] Next, a crystal nucleus supplying layer 32 and a phase change layer 33 are laminated on the interface layer 
10. The crystal nucleus supplying layer 32 and the phase change layer 33 can be formed by sputtering from a basic 
5 material in an Ar gas or an Ar-N 2 mixed gas atmosphere. The phase change layer 33 is formed under the conditions 
that achieves the amorphous state. In order for the phase change layer 33 to be in the as-depo amorphous state after 
the formation, as described with reference to FIG. 5. it is preferable that the film-forming rate is about 30nm /min or 
more. 

[0093] Next, an interface layer 1 1 and a protective layer 6 are laminated on the phase change layer 33. These layers 
10 can be formed in the same manner as the protective layer 2 and the interface layer 1 0. 

[0094] Next, a reflection layer 7 is formed on the protective layer 6. The reflection layer 7 can be formed by sputter- 
ing or vapor deposition. 

[0095] Finally, an adhesive layer 8 is applied onto the reflection layer 7 by spin-coating. A dummy substrate 9 is 
attached thereto, and irradiated with ultraviolet rays to cure the adhesive layer 8. Thus, the information recording 
15 medium 53 can be produced. 

[0096] The information recording media 54 and 55 can be produced easily by the same method as above. 
[0097] The method for manufacturing an information recording medium allows the information media of the present 
invention to be produced easily. 

[0098] Next, an example of a method for recording/reproducing information on an information recording medium 
20 will be described. 

[0099] The recording/reproducing method of the present invention uses any one of the information recording media 
shown in FIGs. 5 to 7. 

[0100] More specifically, signals are recorded by irradiating any one of the information recording media shown in 
FIGs. 5 to 7 with a modulated laser beam so as to form an amorphous region and a crystalline region in the phase 
25 change layer. Irradiating the amorphous region in the phase change layer with a laser beam at a low power makes the 
irradiated portion of the amorphous region become crystallized. On the other hand, irradiating the crystalline region in 
the phase change layer with a laser beam at a high power makes the irradiated portion of the crystalline region become 
amorphous. 

[0101] The recording/reproducing method of the present invention allows reliable recording of information signals. 
30 In particular, as-depo recording is possible by using any one of the information recording media shown in FIGs. 5 to 7. 

Examples 

[0102] Next, the present invention will be described more specifically. 
35 [0103] Examples 1 to 13 are intended to eliminate initialization and to form a phase change layer in the crystalline 
state when the formation is complete. 

[0104] Examples 14 to 26 are intended to eliminate initialization and to record information on the phase change 
layer that is in the as-depo amorphous state. Example 26 is directed to reliability. 

40 Example 1 

[01 05] For the function as the crystallization-ability improving layer to crystallize the phase change layer during the 
formation, it is preferable that the crystallization-ability improving layer itself be crystalline after its formation. Several 
high-speed materials or materials having a low melting point whose crystals are structurally stable were selected and 

45 the phase structures thereof after formation were investigated. The materials were Bi 2 Te 3 , St^Te^ Sb, Te, SnTe, PbTe, 
GeSbTe eutectic, and GeBiTe eutectic. Thin films, each of which was 5nm thick, were formed on quartz substrates with 
respect to the eight materials by DC sputtering from sputtering targets of a diameter of 100mm and a thickness of 6mm 
(hereinafter, represented by 1 00mm 0 x 6mm t) in an Ar atmosphere. The transmissions of the obtained eight thin films 
were measured while the films were warmed at a rate of 50°C/min by a He-Ne laser. FIGs. 4A to 4C show the relation- 

so ship between the temperature and the transmission. If the structure is amorphous after the film-formation, the transmis- 
sion is relatively high at room temperature, and a sharp drop due to the phase change to the crystalline phase is 
observed at a temperature in the process of increasing the temperature, as shown in FIG. 4A. This temperature is 
defined as the crystallization temperature. In the case where the structure is a mixed state of an amorphous state and 
a crystalline state after the film-formation, the transmission at room temperature is lower that that of FIG. 4A, and a 

55 slight change in the transmission is observed in the process of increasing the temperature, as shown in FIG. 4B. The 
crystallization temperature is lower than that of FIG. 4A, and crystallization is caused more readily than the state of FIG. 
4A. Lines a, b, and c in FIG. 4B show the transmissions of the films with different proportions of the crystalline state and 
the amorphous state. Line a is of the film containing the crystalline phase in the highest proportion, and line c shows 
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the film containing it in the lowest proportion of the three films. When the structure after the film-formation is crystalline, 
the transmission at room temperature is the lowest, and substantially no change in the transmission is observed even 
if the temperature is raised, as shown in FIG. 4C. Such difference can be used to determine the phase structure. Table 
2 shows the structure of the eight thin films. 



Table 2 



Crystallization-ability 
improving layer 


Phase structure of crystallization-ability improving 
layer at room temperature 


Bi 2 Te 3 


crystalline phase 


Sb2Te3 


mixed phase of amorphous and crystalline phases 


Sb 


mixed phase of amorphous and crystalline phases 


Te 


crystalline phase 


SnTe 


crystalline phase 


PbTe 


crystalline phase 


GeSbTe eutectic 


mixed phase of amorphous and crystalline phases 


GeBiTe eutectic 


crystalline phase 



Example 2 

25 [01 06] The thin films of Example 1 were investigated as to whether or not they function as the crystallization-ability 
improving layer. A crystallization-ability improving layer was formed on a quartz substrate in a vacuum chamber, and a 
phase change layer was formed thereon successively so as to prepare a sample. Then, the phase structure of the sam- 
ple was investigated. The thickness was as follows: the quartz/ the crystallization-ability improving layer (5nm) / the 
phase change layer (10nm). The sputtering conditions of the crystallization-ability improving layer were the same as 

30 those in Example 1 . The material for the phase change layer was Ge 2 Sb 2 Te 5 . The phase structure of the phase change 
layer was investigated by measuring the transmission as in Example 1. 



Table 3 



crystallization-ability 
improving layer 


Phase structure of phase change layer at room tem- 
perature 


not provided 


amorphous phase 


Bi 2 Te 3 


mixed phase of amorphous and crystalline phases 


Sb 2 Te 3 


mixed phase of amorphous and crystalline phases 


Sb 


amorphous phase 


Te 


mixed phase of amorphous and crystalline phases 


SnTe 


crystalline phase 


PbTe 


crystalline phase 


GeSbTe eutectic 


mixed phase of amorphous and crystalline phases 


GeBiTe eutectic 


crystalline phase 



[01 07] In the case where the crystallization-ability improving layer was not provided, the Ge 2 Sb 2 Te 5 phase change 
layer was amorphous, and the transmission change was the same as shown in FIG. 4A. The crystallization temperature 
was about 200°C. When Sb was used as the crystallization-ability improving layer, the crystallization temperature was 
55 not dropped, and crystallization or generation of a crystal nucleus was not observed. When Bi 2 Te 3 , Sb 2 Te 3 , Te, or GeS- 
bTe eutectic was used as the crystallization-ability improving layer, the phase change layer was in a mixed state of the 
amorphous phase and the crystalline phase. When SnTe, PbTe or GeBiTe eutectic was used as the crystallization-abil- 
ity improving layer, the results were similar to those shown in FIG. 4C, and crystallization in the phase change layer was 
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observed. These results confirmed that when a telluride was used as the crystallization-ability improving layer, the crys- 
tallization in the phase change layer was accelerated. Furthermore, it became evident that a material having a halite 
type crystal structure had a larger crystallization effect among the tellurides. 



5 Fxample 3 

[01 08] The relationship between the thickness and the crystallization effect was investigated with SnTe as the crys- 
tallization-ability improving layer. The films were formed of SnTe on quartz substrates while changing the thickness from 
1 nm to 20nm. Then, the phase change layer 10nm thick was formed thereon. Table 4 shows the structures of the phase 
10 change layers of the thus obtained samples. 



Table 4 



Thickness of SnTe film 
(nm) 


Phase structure of phase change layer 


1 


mixed phase of amorphous and crystalline phases 


3 


substantially crystalline phase 


5 


crystalline phase 


7 


crystalline phase 


10 


crystalline phase 


15 


crystalline phase 


20 


crystalline phase 



[0109] When the thickness is 1nm, the structure was in a mixed state of amorphous phase and crystalline phase. 
However, the crystallization was caused more readily than when the crystallization-ability improving layer was not pro- 
30 vided. When the thickness was 3nm or more, the phase change layer was crystallized. 



Example 4 

[0110] The conditions under which the phase change layer was formed and the crystallization effect were investi- 
35 gated. A SnTe film 5nm thick was formed on a quartz substrate, and the phase change layer 10nm thick was formed 
thereon at varied rates at which the film was formed. Table 5 shows the structures of the phase change layers of these 
samples. 



Film-forming rate of 
phase change layer 
(nm/min) 


Phase structure of phase change layer 


5 


crystalline phase 


7 


crystalline phase 


10 


crystalline phase 


20 


substantially crystalline phase 


30 


mixed phase of amorphous and crystalline phases 


40 


mixed phase of amorphous and crystalline phases 


50 


substantially amorphous phase 


60 


amorphous phase 



[0111] The results indicate that the effect provided by the crystallization-ability improving layer of crystallizing the 
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phase change layer depends on the film-forming rate. When the fflm-formlng rate was from 5nm/min to 20nm/min, the 
phase change layer was crystallized. When the film-forming rate was from 30nm/min to 40nrn/min, the phase change 
layer was in a mixed state of the amorphous phase and the crystalline phase. The phase change layer was amorphous 
at a rate higher than that The lower the film-forming rate of the phase change layer is, the more readily the phase 
5 change layer is crystallized. The most preferable rate was 5nm/min to 1 0nm/min. 

Example 5 

[01 12] The complex refractive index of SnTe was experimentally obtained. The results were a refractive index n of 
10 4.2 and an extinction coefficient k of 4.5. Samples were prepared by determining the structure of an optical information 
recording medium by optical calculation with this complex refractive index. The reflectance of the optical information 
recording medium was measured so as to examine whether or not the phase change layer was crystallized. 
[0113] As shown in FIG. 1, a protective layer 100nm thick, a crystallization-ability improving layer 5nm thick, a 
phase change layer 18nm thick, a protective layer 25nm thick and a reflection layer 80nm thick were formed on a poly- 
15 carbonate substrate successively in this order in a vacuum chamber with a batch type sputtering apparatus. Table 6 
shows the specific conditions under which the films were formed. 



Table 6 



Diskl 


Base material 


Sputtering gas 


Sputtering pres- 
sure (mTorr) 


Sputtering power 
(W) 


Layer 


thickness (nm) 










protective layer 


(100) 


ZnS-20mol%SiO 2 


Ar 


0.5 


RF500 


crystallization- 
ability improving 
layer 


(5) 


SnTe 


Ar 


1 


DC50 


recording layer 


(18) 


GeSbTe 


Ar+N 2 


1 


DC30 


protective layer 


(25) 


Ge 


Ar+N 2 


10 


RF300 


reflection layer 


(80) 


AlCr 


Ar 


3 


DC200 



35 [01 14] The reflectance of the optical information recording medium was measured by a phase changeable optical 
disk evaluation apparatus manufactured by PULSTEC INDUSTRIAL CO., LTD. The light source has a wavelength of 
660nm and NA of 0.6. The optical information recording medium was rotated at a linear velocity of 8m/s, and the reflect- 
ance at the position at a radius of 40mm in the mirror face portion was measured, and the result was a reflectance of 
20%. 

40 [01 15] In order to investigate whether or not the crystallization was complete, the same position was irradiated with 
a laser beam with a power sufficient for usual crystallization, and then the reflectance was measured. In this case, the 
reflectance was 20.3%. It was verified that the phase change layer was crystallized substantially completely after the 
formation. The same effect was observed with respect to PbTe and GeBiTe eutectic. 

45 Fxamplfi fi 

[01 16] A measurement was performed regarding the changes in the reflectance and the recording sensitivity of the 
optical information recording medium when only the thickness of the crystallization-ability improving layer was changed 
in the multilayered film structure of Example 5. SnTe was used for the crystallization-ability improving layer. The reflect- 
so ance was measured under the same conditions as in Example 5, and the recording sensitivity was defined as a record- 
ing power that provides a CNR value of 50dB when a 3T signal was recorded between grooves one time. Table 7 shows 
the results. 



55 
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Table 7 



Disk No. 


Thickness of crystalliza- 
tion-ability improving 
layer (nm) 


Reflectance (%) 


Recording sensitivity 


Disk 2 


1 


15.2 


8.3 


Disk 3 


3 


17.6 


9.4 


Diskl 


5 


20.0 


10.6 


Disk 4 


7 


23.5 


11.4 


Disk 5 


10 


27.6 


12.6 


Disk 6 


15 


34.8 


>14.0 


Disk 7 


20 


41.3 


>14.0 



[0117] The thicker the crystallization-ability improving layer was, the larger the reflectance of the multilayered film 
20 was. However, the thicker the crystallization-ability improving layer was, the lower the recording sensitivity was. When 
the thickness was 15nm or more, a recording power of 14mW or more was required, which is unsuitable for practical 
use. As a result, a preferable thickness of the crystallization-ability improving layer is from 1 to 10nm. 

Example 7 

25 

[01 1 8] The overwrite jitter characteristics of the optical information recording medium produced in Example 5 were 
evaluated. For comparison, the overwrite jitter characteristics of the optical information recording medium without the 
crystallization-ability improving layer in a conventional structure that had been subjected to the crystallization process 
by a semiconductor laser were evaluated. The changes of the jitter value were examined by recording a 3T signal 
30 between grooves one to 20 times. Table 8 shows the results. 



Table 8 



The number of times of 
recording 


Jitter value (%) 




Disk 1 Crystallization-ability 
improving layer is provided. Ini- 
tialization process is not per- 
formed. 


Disk 8 Crystallization-ability 
improving layer is not provided. 
Initialization process is per- 
formed. 


1 


9.8 


9.7 


2 


10.2 


9.8 


3 


10.3 


9.8 


4 


10.1 


9.7 


5 


9.9 


9.7 


10 


9.9 


9.7 j 


20 


9.8 


9.7 j 



[0119] The jitter values in Table 8 is the average of the front-end jitter value and the rear-end jitter value of the 
recording mark. 

55 [01 20] The difference between the front-end jitter value and the rear-end jitter value was within 0.5% regardless of 
the number of times of recording. 

[0121] When the crystallization of the phase change layer was insufficient so that a portion thereof was amorphous, 
the jitter value was increased around at the time of the 2 nd to 4 th recording. In this example, even if recording was per- 
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formed on the optical information recording medium in which the phase change layer was crystallized in the middle of 
the formation with the crystallization-ability improving layer, the jitter value was not increased around at the time of the 
2 nd to 4 th recording. The crystalline phase was substantially comparable to that of a conventional recording film crystal- 
lized by irradiating it with a semiconductor laser after the film was formed. 

5 

Example 8 

[0122] The effect provided by the crystallization-ability improving layer was examined by using the structure of the 
first information recording medium of the two-layered information recording medium in FIG. 3. A protective layer 100nm 

10 thick, an interface layer 5nm thick, a crystallization-ability improving layer 3nm thick, a phase change layer 7nm thick, 
an interface layer 5nm, and a protective layer 90nm thick were formed on a polycarbonate substrate successively in this 
order in a vacuum chamber with a batch type sputtering apparatus. Information recording media with seven different 
materials for the crystallization-ability improving layer and an information recording medium without the crystallization- 
ability improving layer were prepared. At the same time, sample pieces including the multilayered film having the same 

15 structure formed on quartz substrates also were produced. The phase structure of the phase change layer after the for- 
mation was examined by using the sample pieces. When Bi 2 Te 3 , Sb 2 Te 3f Te, or GeSbTe eutectic was used, the struc- 
ture was a mixed state of the amorphous phase and the crystalline phase. Since they were not completely amorphous, 
the optical information recording medium was irradiated with a semiconductor laser beam for crystallization in order to 
evaluate the ease of crystallization. In the case where the crystallization-ability improving layer was not provided, the 

20 power of the semiconductor laser required by initialization was 800mW. This was the substantial upper limit of the laser 
output. Table 9 shows the results when the crystallization-ability improving layer was used. 



Table 9 



Disk No. 


Crystallization-ability 
improving layer 


Phase structure of phase change layer 


Laser power for initializa- 
tion (mW) 


Disk 9 


not provided 


amorphous 


800 


Disk 10 


Bi 2 Te 3 


mixed phase of amorphous and crystalline 
phases 


430 


Disk 11 


Sb 2 Te 3 


mixed phase of amorphous and crystalline 
phases 


470 


Disk 12 


Te 


mixed phase of amorphous and crystalline 
phases 


440 


Disk 13 


SnTe 


crystalline phase 




Disk 14 


PbTe 


crystalline phase 




Disk 15 


GeSbTe eutectic 


mixed phase of amorphous and crystalline 
phases 


420 


Disk 16 


GeBiTe eutectic 


crystalline phase 





45 [01 23] Even if the phase change layer was not in the complete crystalline phase, providing the crystallization-ability 
improving layer even 3nm thick reduced the power for initialization, so that the crystallization was made easy. The same 
effect was obtained with the crystallization-ability improving layer 1nm thick. 

Fxample 9 

50 

[0124] With respect to the structure having the light-absorption layer as shown in FIG. 2, the same examination as 
in Example 5 was performed. 

[0125] A ZnS-Si0 2 protective layer 120nm thick, a GeN interface layer 5nm thick, a SnTe crystallization-ability 
improving layer 5nm thick, a GeSbTe phase change layer 10nm thick, a GeN interface layer 5nm. a ZnS-Si0 2 protective 
55 layer 50nm thick, a light-absorption correcting layer 30nm thick made of an Si alloy, and a reflection layer 80nm made 
of an Ag alloy were formed on a polycarbonate substrate so as to prepare an information recording medium. When the 
film formation was complete, the phase change layer was crystallized by the effect of the crystallization-ability improving 
layer, and the reflectance obtained was 17.0%. The same position was irradiated with a semiconductor laser beam, and 
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then the reflectance was measured. Then, the reflectance was 16.9%. This verified that the phase change layer was in 
the completely crystallized state after the film-formation. The crystallization-ability improving layer provided the effect in 
the structure in FIG. 2. 

5 Example 1Q 

[0126] In the examples up to Example 9, a telluride was used as the crystallization-ability improving layer and the 
excellent effect was provided. However, since the crystallization-ability improving layer absorbs light, the thickness is 
limited to be as small as 5nm or less. Therefore, it was investigated whether or not a halogenide having small light 

10 absorption and comprising a compound having a halite type structure has the function as the crystallization-ability 
improving layer. The materials are nine F compounds, which are ZnF 2f AIF 3 , KF, CaF 2 , NaF, BaF 2 , MgF 2 , LaF 3 , and LiF. 
A sputtering target of 1 00mm 0 x 6mm t of each of the compounds was subjected to RF sputtering in an Ar gas atmos- 
phere so as to form a thin film 10nm thick on a quartz substrate. Then, a phase change layer 10nm thick was formed 
thereon so as to prepare a sample. The phase structure of the formed phase change layer was examined. In the same 

15 manner in Example 1 , the transmission was measured while heating at a rate of 50 °C /min by a He-Ne laser. As a result 
of determining the phase structure of the nine samples from FIGs. 4 A to 4C, ail the samples had a mixed phase of the 
amorphous phase and the crystalline phase. Although all the samples exhibited the transmission change as shown in 
FIG. 4B, the materials having a halite type structure, LiF, NaF, and KF exhibited the transmission change close to that 
indicated by line b. The transmission change of the other materials was close to that indicated by line a. The material 

20 having a halite type structure used as the crystallization-ability improving layer allowed the proportion of the crystalline 
phase in the phase change layer to be larger, and had a higher effect as the crystallization-ability improving layer than 
the other materials. 

Example 1 1 

25 

[0 1 27] A halogenide 1 0nm thick was formed as the crystallization-ability improving layer, and the same examination 
as in Example 8 was performed. Table 10 shows the results. 



Table 10 



Disk No. 


Crystallization -ability 
improving layer 


Phase structure of phase change layer 


Laser power for initializa- 
tion (mW) 


Disk 17 


not provided 


amorphous phase 


800 


Disk 18 


ZnF 2 


mixed phase of amorphous and crystalline 
phases 


550 


Disk 19 


AIF 3 


mixed phase of amorphous and crystalline 
phases 


530 


Disk 20 


KF 


mixed phase of amorphous and crystalline 
phases 


460 


Disk 21 


CaF 2 


mixed phase of amorphous and crystalline 
phases 


570 


Disk 22 


NaF 


mixed phase of amorphous and crystalline 
phases 


440 


Disk 23 


BaF 2 


mixed phase of amorphous and crystalline 
phases 


570 


Disk 24 


MgF 2 


mixed phase of amorphous and crystalline 
phases 


580 


Disk 25 


LaF 3 


mixed phase of amorphous and crystalline 
phases 


600 


Disk 26 


LiF 


mixed phase of amorphous and crystalline 
phases 


420 



[01 28] Even if the phase change layer was in a mixed state of the amorphous phase and the crystalline phase, the 
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laser power for initialization was significantly reduced, compared with the case where the crystallization-ability improv- 
ing layer was not provided. Providing the crystallization-ability improving layer made of a halogenide reduces the energy 
required for crystallization. The crystallization-ability improving layer made of the halogen compound also facilitates the 
crystallization of the phase change layer. 

5 

Example 12 

[0129] The complex refractive index of LiF, NaF and KF, which had a high function as the crystallization-ability 
improving layer, was determined. A crystallization-ability improving layer of each of the materials was formed on a 
10 quartz substrate. The thickness was measured with a step meter. The reflectance and the transmission thereof were 
measured by a spectrometer so as to obtain the complex refractive index. Table 1 1 shows the obtained complex refrac- 
tive indexes. 



Table 11 



Crystallization-ability 
improving layer 


n-ki 


LiF 


1.41-0.001 


NaF 


1.48-0.001 


KF 


1.52-0.001 



[0130] These films were transparent and had k = 0. 

25 

Fxamplfi 13 

[01 31] A measurement was performed regarding the changes in the reflectance and the recording sensitivity of the 
optical information recording medium when only the thickness of the crystallization-ability improving layer was changed 
30 in the multilayered film structure of Example 8. LiF was used for the crystallization-ability improving layer. Table 12 
shows the results. 



Table 12 



Crystallization-ability 
improving layer (nm) 


Reflectance (%) 


Recording sensitivity 
(mW) 


1 


13.6 


7.5 


5 


15.2 


8.3 


10 


16.8 


9.3 


15 


18.2 


10.4 


20 


20.1 


12.5 


25 


22.4 


14.0 


30 


25.0 


>14.0 



[0132] The thicker the crystallization-ability improving layer was, the larger the reflectance of the multilayered film 
so was. When the thickness was 1nm, the reflectance was less than 15%. When the thickness was more than 25nm, the 
recording sensitivity was 14mW or more. These results indicate that a preferable thickness of the crystallization-ability 
improving layer made of the halogenide is from 5nm to 20nm. Compared with the results of Example 6, a smaller k of 
the crystallization-ability improving layer itself allows the thickness of the crystallization-ability improving layer to be set 
larger. 

55 [0133] In the above examples, the effects of the crystallization-ability improving layer of FIGs. 1, 2 and 3 were 
described. However, the present invention is not limited to these structures, and the effects can be obtained regardless 
of the thickness of the protective layer or the presence or the absence of the interface layer, as long as the crystalliza- 
tion-ability improving layer is formed before the phase change layer is formed. 
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[01 34] As described above, the present invention allows the phase structure of the phase change layer after the for- 
mation to be in the crystalline phase by forming the crystallization-ability improving layer at the substrate side interface 
of the phase change layer, so that the crystallization process that requires thermal means can be eliminated, or crys- 
tallization can be caused with a smaller power. 

5 

Example 14 

[0135] In Example 14, the materials for the crystal nucleus supplying layer were examined. 

[0136] In order to start recording of information in the as-depo state without initializing the phase change layer, 

10 recording is required to be performed while crystallizing the as-depo amorphous portion. Therefore, it is necessary that 
a crystal nucleus can be generated easily in the as-depo amorphous phase change layer. The larger the number of 
crystal nuclei generated, the lower the transition temperature (crystallization temperature) from the amorphous phase 
to the crystalline phase becomes. As the material for the crystal nucleus supplying layer, several materials are selected 
from materials having NaCI type crystalline phase structure, high speed-crystallization materials and materials having 

15 a low melting point, and the crystallization temperature of the phase change layer laminated on these materials was 
investigated. 

[0137] The materials were Bi 2 Te 3i Sb 2 Te 3 . Sb, Te, SnTe, PbTe, SnTe-PbTe, SnTe-Ag, SnTe-Se, SnTeN, GeSbTe 
eutectic, GeBiTe eutectlc, TiN, and ZrN. The material for the phase change layer was GeSbTe. 

[0138] A sample having a layer structure of a quartz substrate/ crystal nucleus supplying layer (thickness of 2nm) / 
20 phase change layer (thickness of 1 0nm) was used. The crystal nucleus supplying layers made of the material other than 

SnTeN, TiN and ZrN were formed by DC sputtering from a sputtering target of a diameter of 1 00mm and a thickness of 

6mm in an Ar gas atmosphere. The crystal nucleus supplying layers made of SnTeN, TiN and ZrN were formed by RF- 

sputtering from the sputtering targets of SnTe, Ti and Zr in an Ar-N 2 mixed gas atmosphere. The phase change layer 

made of GeSbTe was formed by DC sputtering from a target in an Ar gas atmosphere. 
25 [0139] Furthermore, a sample without the crystal nucleus supplying layer was produced. The transmission of the 

samples with and without the crystal nucleus supplying layer was measured while the samples were warmed at a rate 

of 50°C/min by a He-Ne laser. 

[0140] When the phase change layer reaches the crystallization temperature, the transmission of the sample drops 
sharply. The change in the transmission indicates the crystallization temperature. Table 13 shows results of measuring 
30 the crystallization temperatures of the samples. 



Table 13 



Crystal nucleus supply- 
ing layer 


Crystallization tempera- 
ture of phase change 
layer (°C) 


i not provided 


192 


Sb 2 Te3 


154 


Bi 2 Te 3 


142 


Sb 


192 


Te 


180 


SnTe 


170 


SnTe-PbTe 


159 


SnTe-Ag 


172 


SnTe-Se 


173 


SnTe-N 


170 


PbTe 


166 


GeSbTe eutectic 


158 


GeSbTe eutectic 


146 


TiN 


192 


ZrN 


192 



20 
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[0141] When the crystal nucleus supplying layer was not provided, the crystallization temperature of the GeSbTe 
phase change layer was 192°C. when the material comprising Te was used as the crystal nucleus supplying layer, the 
crystallization temperature of the phase change was reduced, and it is believed that the material has an effect on gen- 
eration of crystal nuclei. Although the crystalline phase of TiN and ZrN has a NaCI type structure, the effects on gener- 
5 ation of crystal nuclei were not observed. Sb provided no effects. 



Example 15 

[0142] In Example 15, the information recording medium 53 was produced by using the materials that provided the 
10 effect on generation of crystal nuclei in Example 14, and as-depo recording was performed. One example thereof will 
be described. 

[0143] ZnS-20mol% Si0 2 (80mol%ZnS-20mol%SiO 2 , which also applies to the following examples) as a protective 
layer, a GeN interlace layer 5nm thick, a crystal nucleus supplying layer 2nm thick, a GeSbTe phase change layer 10nm 
thick, a GeN interface layer 5nm thick, a ZnS-20mol% Si0 2 protective layer, and a reflection layer made of an Ag alloy 
15 were formed on a polycarbonate substrate having a guide groove in this order successively. After the formation of the 
films, the Ag alloy was coated with an ultraviolet curable resin by spin-coating and attached to a dummy substrate. 
Bi 2 Te 3) Sb 2 Te 3 , Te, SnTe, SnTe-PbTe, SnTe-Ag, SnTe-Se, SnTeN, PbTe, GeSbTe eutectic, or GeBiTe eutectic was used 
as the material for the crystal nucleus supplying layer. 

[0144] Next, the conditions under which the films were formed of these materials will be described. The ZnS- 
20 20mol%SiO 2 layer was formed by RF-sputtering from ZnS-20mol%SiO 2 as the basic material in an Ar gas atmosphere. 
The GeN layer was formed by RF-sputtering from Ge as the basic material in an Ar-N 2 mixed gas atmosphere. The 
crystal nucleus supplying layer was formed under the same conditions as in Example 1 . The phase change layer made 
of GeSbTe was formed by DC-sputtering from GeSbTe as the basic material in an Ar-N 2 mixed gas atmosphere. The 
reflection layer made of an Ag alloy was formed by DC-sputtering from the Ag alloy as the basic material in an Ar gas 
25 atmosphere. For the information recording medium of Example 15, the thicknesses of the two protective layers were 
determined precisely so that Ra was about 28% and Re was about 10%. 

[0145] The reversibly phase changeable optical information recording medium of Example 2 was evaluated with a 
drive for evaluation on which a laser having X = 660nm and NA = 0.6 was mounted. The amplitude, the noise level and 
the CNR of a 3T signal on a groove were evaluated. The evaluation was performed at a linear velocity of 8.2m/s in the 
30 portion irradiated with a laser beam. Recording was performed by modulating the laser beam between a high power 
Pp(mW) and a low power Pb(mW). FIG. 8 shows the modulated waveform for recording. The amorphous phase and the 
crystalline phase were formed by modulating the laser beam, regardless of the initial state (as-depo amorphous state, 
initialized crystalline state or recorded state), so that new information was recorded. Pr(mW) represents the reproduc- 
ing power. 

35 [0146] An as-depo amorphous region that was not initialized (non-initialized as-depo amorphous region) and a 
crystalline region that was initialized (initialized crystalline region) were formed on the same plane by initializing a cir- 
cular region in a portion of the information recording medium. Then, it was determined whether or not as-depo record- 
ing was possible by comparing the CNRs between the two regions. In each medium, Ra was about 28% and Rc was 
about 10%, so that addresses were read satisfactorily, the servo characteristics were stable, and thus it was possible 

40 to evaluate the CNRs in both regions. A 3T signal was recorded once. Table 14 shows the evaluation results. 



Table 14 



Information recording 
medium No. 


Crystal nucleus supply- 
ing layer material 


3T signal CNR (dB) 






non-initialized region 


initialized region 


2-01 


not provided 


29.4 


52.5 


2-02 


Sb 2 Te 3 


47.5 


52.3 


2-03 


Bi 2 Te 3 


49.1 


52.0 


2-04 


Te 


46.5 


51.5 


2-05 


SnTe 


53.3 


52.6 


2-06 


SnTe-PbTe 


53.3 


52.4 


2-07 


SnTe-Ag 


53.6 


52.6 
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Table 14 (continued) 



Information recording 
medium No. 


Crystal nucleus supply- 
ing layer material 


3T signal CNR (dB) 






non-initialized region 


initialized region 


2-08 


SnTe-Se 


53.5 


52.8 


2-09 


SnTe-N 


53.2 


52.4 


2-10 


PbTe 


53.4 


52.6 


2-11 


GeSbTe eutectic 


48.1 


52.1 


2-12 


GeBiTe eutectic 


49.4 


52.0 



15 [0147] As shown in Table 14, in the case where a material comprising SnTe or a material comprising PbTe is used, 
the CNR in the as-depo amorphous region and the CNR In the crystalline region were substantially at the same level. 
However, the as-depo amorphous region, which had a lower noise level by about 1dB f had a higher CNR than that in 
the crystalline region. It is believed that noise is slightly increased by initialization. In the case where other materials 
comprising Te is used, the CNR in the as-depo amorphous region was 45dB or more, which was about 3dB to 5dB 

20 lower than that in the crystalline region. The above-described results confirmed that the as-depo recording can be per- 
formed on the media formed of the above-described materials. 

[0148] The melting point of GeSbTe as the phase change layer is about 620°C, and the melting points of materials 
other than SnTe and PbTe as the crystal nucleus supplying layers are about 620°C or lower. Therefore, the reason why 
the CNR of the media formed of the materials other than SnTe and PbTe is lower by several dB is believed that the crys- 
25 tal nucleus supplying layer is molten and mixed with the phase change layer during recording, so that the optical char- 
acteristics were changed. Therefore, in the structures where the phase change layer is formed after the crystal nucleus 
supplying layer, it is more preferable that the crystal nucleus supplying layer is formed of a material comprising SnTe or 
PbTe. 

30 Example 16 

[0149] In Example 16, an information recording medium 54 was produced with a material that provided an effect on 
generation of crystal nuclei in Example 14, and as-depo recording was performed. 

[0150] A ZnS-20mol%SiO 2 protective layer, a GeN interface layer 5nm thick, a GeSbTe phase change layer 10nm 
35 thick, a crystal nucleus supplying layer 2nm thick, a GeN interface layer 5nm thick, a ZnS-20mol%SiO 2 protective layer, 
and a reflection layer made of an Ag alloy were formed on a polycarbonate substrate having a guide groove succes- 
sively in this order. After formation, the Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and 
attached to a dummy substrate. Bi 2 Te 3 , Sb 2 Te 3 , Te, SnTe, SnTe-PbTe, SnTe-Ag, SnTe-Se, SnTeN, PbTe, GeSbTe 
eutectic or GeBiTe eutectic was used for the crystal nucleus supplying layer. The layers were formed using the same 
40 conditions as in Example 1 5. 

[0151] A non-initialized as-depo amorphous region and an initialized crystalline region were formed on the same 
plane by initializing a circular region in a portion of the information recording medium. Then, it was determined whether 
or not as-depo recording was possible by comparing the CNR between the amorphous and crystalline states. The 
recording conditions and the evaluation conditions were the same as in Example 2. Table 15 shows the evaluation 
45 results. 



Table 15 



Information recording 
medium 


Crystal nucleus supply- 
ing layer material 


3T signal CNR (dB) 






non-initialized region 


initialized region 


2-01 


not provided 


29.4 


52.5 


3-01 


Sb2Te 3 


53.1 


52.5 


3-02 


Bi 2 Te 3 


52.9 


52.4 


3-03 


Te 


53.1 


52.3 
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Table 1 5 (continued) 



5 



10 



15 



Information recording 
medium 


Crystal nucleus supply- 
ing layer material 


3T signal CNR (dB) 






non-initialized region 


initialized region 


3-04 


SnTe 


53.3 


52.6 


3-05 


SnTe-PbTe 


53.3 


52.4 


3-06 


SnTe-Ag 


53.6 


52.6 


3-07 


SnTe-Se 


53.5 


52.8 


3-08 


SnTe-N 


53.4. 


52.6 


3-09 


PbTe 


53.4 


52.6 


3-10 


GeSbTe eutectic 


53.0 


52.2 


3-11 


GeBiTe eutectic 


52.9 


52.4 



[0152] Table 15 reveals that in the media formed of any of the above materials as the crystal nucleus supplying 
20 layer, the CNRs in the as-depo amorphous region and the crystalline region were in the same level, and as-depo 
recording was possible. Thus, in the structures where the crystal nucleus supplying layer is formed after the phase 
change layer, as-depo recording also can be performed on the media where the crystal nucleus supplying layer is 
formed of a material having a lower melting point than that of the phase change layer. 

25 Example 17 

[01 53] In Example 1 7, the crystal nucleus supplying layer was formed of SnTe, which was confirmed to be capable 
of achieving the as-depo recording in Example 15, and the dependence of as-depo recording on the thickness of the 
crystal nucleus supplying layer and the number of times of recording were investigated. In Example 1 7, an information 
30 recording medium 53 was produced by the same method as in Example 15. In this case, the thickness of crystal 
nucleus supplying layer of the information recording medium of each sample was changed from Onm to 7nm by every 
0.5nm. 

[01 54] A 3T signal was recorded once, twice and 1 0 times in the amorphous state that was not initialized. The eval- 
uation conditions were the same as in Example 15. Table 16 shows the results of the evaluation. 

35 



Table 16 



Information recording 
medium No. 


Thickness of SnTe film 
(nm) 


3T signal CNR (dB) 






recording once 


recording twice 


recording ten times 


2-01 


0.0 


29.4 


39.0 


53.5 


4-01 


0.5 


32.2 


41.1 


53.2 


4-02 


1.0 


32.0 


43.0 


53.4 ! 


4-03 


1.5 


39.5 


49.2 


53.3 


2-05 


2.0 


53.2 


53.3 


53.4 


4-04 


2.5 


53.4 


53.2 


53.2 


4-05 


3.0 


53.2 


53.4 


53.5 


4-06 


3.5 


53.3 


53.2 


53.2 


4-07 


4.0 


53.4 


53.1 


53.3 


4-08 


4.5 


51.1 


51.0 


50.0 


4-09 


5.0 


49.7 


49.8 


48.8 
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Table 1 6 (continued) 



5 



10 



Information recording 
medium No. 


Thickness of SnTe film 
(nm) 


3T signal CNR (dB) 






recording once 


recording twice 


recording ten times 


4-10 


5.5 


48.5 


48.6 


47.5 


4-11 


6.0 


47.2 


47.1 


46.1 


4-12 


6.5 


45.3 


45.2 


44.3 


4-13 


7.0 


42.3 


42.5 


41.4 



[01 55] As shown in Table 16, when the thickness of the crystal nucleus supplying layer was 2nm or more, a sub- 
stantially saturated CNR was obtained even by recording once. When the thickness was as small as 1 .5nm or less, the 

15 amplitude was small in recording once, and since the noise level was high in recording twice, the CNR was low. The 
noise level became lower as recording was performed more times. Seven-times recording was required to obtain a sat- 
urated CNR. When the thickness was 4.5nm or more, a saturated CNR was not obtained at a recording power of 1 5mW. 
The results indicate that when the crystal nucleus supplying layer is thick, the recording sensitivity of the phase change 
layer is dropped. The thickness of the crystal nucleus supplying layer that achieved the as-depo recording and provided 

20 good recording sensitivity was about 2nm to 4nm. 

[01 56] Therefore, in the information recording medium of Example 1 7, a preferable thickness of the crystal nucleus 
supplying layer is about 2nm to 4nm. 

Fxamnlft 18 

25 

[0157] In Example 18, the same experiments as in Example 17 were conducted with respect to the information 
recording medium 54. 

[0158] A ZnS-20mol%SiO 2 protective layer, a GeN interface layer 5nm thick, a GeSbTe phase change layer 10nm 
thick, a SnTe crystal nucleus supplying layer, a GeN interface layer 5nm thick, a ZnS-20mol%SiO 2 protective layer, and 
30 a reflection layer made of an Ag alloy were formed on a polycarbonate substrate having a guide groove successively in 
this order. After formation, the Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and attached to 
a dummy substrate. The thickness of SnTe as the crystal nucleus supplying layer was changed from Onm to 7nm by 
every 0.5nm. Table 17 shows the results of measuring in the same manner as in Example 17. 

35 

Table 17 



40 



45 



50 



55 



Information recording 
medium No. 


Thickness of SnTe film 
(nm) 


3T signal CNR (dB) 






recording once 


recording twice 


recording ten times 


2-01 


0.0 


29.4 


39.0 


53.5 


5-01 


0.5 


32.2 


41.1 


53.2 


5-02 


1.0 


32.0 


43.0 


53.4 


5-03 


1.5 


39.5 


49.2 


53.3 


3-04 


2.0 


53.5 


53.4 


53.4 


5-04 


2.5 


53.4 


53.2 


53.2 


5-05 


3.0 


53.2 


53.4 


53.5 


5-06 


3.5 


53.3 


53.2 


53.2 


5-07 


4.0 


53.4 


53.1 


53.3 


5-08 


4.5 


53.1 


53.2 


53.2 


5-09 ; 


5.0 


53.2 


53.2 


53.1 


5-10 


5.5 


49.6 


49.5 


49.6 
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Table 17 (continued) 



5 



Information recording 
medium No. 


Thickness of SnTe film 
(nm) 


3T signal CNR (dB) 






recording once 


recording twice 


recording ten times 


5-11 


6.0 


48.4 


48.5 


48.5 


5-12 


6.5 


46.3 


46.2 


46.3 


5-13 


7.0 


43.9 


43.8 


44.0 



[0159] As shown in Table 17, when the thickness of the crystal nucleus supplying layer was 2nm or more, a sub- 
stantially saturated CNR was obtained by recording once. When the thickness was 5.5nm or more, a saturated CNR 
was not obtained at a recording power of 15mW. Similarly to the results of Example 17, when the crystal nucleus sup- 
75 plying layer becomes thick, the recording sensitivity of the phase change layer is dropped. In the information recording 
medium of Example 18, the thickness of the crystal nucleus supplying layer that achieved the as-depo recording and 
provided good recording sensitivity was about 2nm to 5nm. Therefore, in the structures where the crystal nucleus sup- 
plying layer is formed after the phase change layer, a preferable thickness of the crystal nucleus supplying layer is about 
2nm to 5nm. 

20 

Example 19 

[0160] In Example 19, an example of a reversibly phase changeable optical information recording medium 55 will 
be described. 

25 [01 61 ] A ZnS-20mol%SiO 2 protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying layer 
32, a GeSbTe phase change layer 10nm thick, a SnTe crystal nucleus supplying layer 35, a GeN interface layer 5nm 
thick, a ZnS-20mol%SiO 2 second protective layer, and a reflection layer made of an Ag alloy were formed on a polycar- 
bonate substrate having a guide groove successively in this order. After formation, the Ag alloy was coated with an ultra- 
violet ray curable resin by spin-coating and attached to a dummy substrate. As-depo recording was performed while 

30 changing the thickness of the crystal nucleus supplying layers 32 and 35 under the same conditions as in Example 17. 
Table 18 shows the results of the evaluation. 



Table 18 



Information recording 
medium No. 


Thickness of two SnTe 
films (nm) (nm) 


3T signal CNR (dB) 






recording once 


recording twice 


recording ten times 


2-01 


0.0 


29.4 


39.0 


53.5 


6-01 


0.5 


32.1 


42.8 


53.1 


6-02 


1.0 


52.6 


53.0 


53.0 


6-03 


1.5 


52.9 


53.0 


53.0 


6-04 


2.0 


53.0 


53.2 


53.1 


6-05 


2.5 


53.1 


53.1 


53.2 


6-06 


3.0 


47.1 


47.2 


47.1 


6-07 


3.5 


41.6 


41.4 


41.6 



[01 62] In the case where the phase change layer was interposed between the crystal nucleus supplying layers, as- 
depo recording was possible at a thickness of each of the crystal nucleus supplying layers 32 and 35 of 1nm. When the 
thickness of each of the layers was 3nm, recording sensitivity was insufficient. It is believed that when the crystal 
55 nucleus supplying layers are formed on both sides of the phase change layer, the effect on generation of nuclei is mul- 
tiplied, compared with the case where crystal nucleus supplying layer is provided only on one side of the phase change 
layer. Therefore, in the case where crystal nucleus supplying layers are formed on both sides of the phase change layer, 
the thickness of the crystal nucleus supplying layer can be half, more preferably from about 1nm to about 2nm. 
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Example 2Q 

[01 63] In Example 20, an example of an examination regarding to the relationship among the thickness of the crys- 
tal nucleus supplying layer, the film-forming rate of the phase change layer and the state of the phase change layer after 

5 the formation with respect to the information recording medium 53 will be described. 

[0164] A ZnS-20mol%SiO 2 protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying 
layer, a GeSbTe phase change layer 10nm thick, a GeN interface layer 5nm thick, a ZnS-20mol%SiO 2 protective layer, 
and a reflection layer made of an Ag alloy were formed on a polycarbonate substrate having a guide groove succes- 
sively in this order. After formation, the Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and 

10 attached to a dummy substrate. 

[01 65] In the information recording media of the samples, the film-forming rate r (nm/min) of the phase change layer 
is different from each other, ranging from 5nm/min to 60nm/min. The thickness d1 of the crystal nucleus supplying layer 
is 2nm or 5nm. The information recording medium with d1 = 2nm was optically designed so that the reflectance Ra in 
the amorphous region was about 28%. and the reflectance Rc in the crystalline region was about 10%. The information 

15 recording medium with d1 = 5nm was optically designed to achieve that the reflectance Ra in the amorphous region 
was about 30%, and the reflectance Rc in the crystalline region was about 12%. After attachment, a circular region in 
a portion of the information recording medium was initialized so that a non-initialized as-depo amorphous region and 
an initialized crystalline region were formed on the same plane, and the reflectance was measured in the two regions. 
[0166] The reflectance in a mirror portion formed on the substrate was measured with a drive for evaluation on 

20 which a laser having X = 660nm and NA = 0.6 was mounted while the focus servo mechanism was in operation at a 
linear velocity of 8.2m/s. Table 19 shows the relationship between the film-forming rate and the reflectance. 



Table 19 



25 



30 



35 



Information recording 
medium No. 


d1 (nm) 


r (nm/min) 


Reflectance (%) 








non-initialized region 


initialized region 


7-01 


2 


5 


12.3 


10.4 


7-02 


2 


10 


16.4 


10.5 


7-03 


2 


20 


28.2 


10.6 


2-05 


2 


30 


28.4 


10.5 


7-04 


2 


40 


28.4 


10.5 


7-05 


2 


50 


28.3 


10.6 


7-06 


2 


60 


28.4 


10.4 


7-07 


5 


5 


12.6 


12.6 


7-08 


5 


10 


12.5 


12.6 


7-09 


5 


20 


13.6 


12.7 


7-10 


5 


30 


18.4 


12.5 


7-11 


5 


40 


23.5 


12.5 


7-12 


5 


50 


29.6 


12.6 


7-13 


5 


60 


30.7 


12.7 



50 

[0167] Table 19 indicates that in the case of d1=2nm, the reflectance in the non-initialized region is about 28% at r 
§ 20(nm/min), so that it is determined that the state after formation is amorphous. On the other hand, the reflectance is 
in the 10% range at r < 20(nm/min), so that it is believed that at least a portion in the phase change layer is crystallized 
during the formation. 

55 [0168] In the case of d1=5nm, the reflectance in the non-initialized region is about 30% at r s 50(nm/min), so that 
it is determined that the state after formation is amorphous. On the other hand, at r < 50(nm/min), it is believed that at 
least a portion in the phase change layer is crystallized during the formation. Thus, the state of the phase change layer 
after formation can be determined by the film-forming rate of the phase change layer and the thickness of the crystal 
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nucleus supplying layer. In order to form the phase change layer in the amorphous state, it is preferable that the thicker 
the crystal nucleus supplying layer is, the larger the film-forming rate of the phase change layer is. 

Fxample 21 

5 

[0169] In Example 21, it is examined by using the information recording medium 53 whether or not stable servo 
characteristics in a drive and good address reading properties can be obtained even with an information recording 
medium with Rc = substantially 0%, as long as the as-depo recording can be performed thereon. 
[01 70] A ZnS-20mol%SiO 2 protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying layer 
w 2nm thick, a GeSbTe phase change layer 10nm thick, a GeN interface layer 5nm thick, a ZnS-20mol%SiO 2 protective 
layer, and a reflection layer made of an Ag alloy were formed on a polycarbonate substrate having a guide groove suc- 
cessively in this order. After formation, the Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and 
attached to a dummy substrate. 

[01 71 ] Four types of information recording media that satisfy Ra> Rc, where Ra is the reflectance of the information 
15 recording medium when the phase change layer is amorphous, and Rc is the reflectance when the phase change layer 
is crystalline, were produced by determining precisely the thickness of the two protective layers. 
[01 72] An non- initialized as-depo amorphous region (Ra) and an initialized crystalline region (Rc) were formed on 
the same plane by initializing a circular region in a portion of the information recording medium. Then, the stability in 
the servo characteristics, the address reading properties and the CNR were evaluated. Table 20 shows the evaluation 
20 results. 



Table 20 



Information recording 
medium No. 


Rc (%) 


Ra (%) 


Crystalline region 


As-depo amorphous region 








address reading 


address reading 


CNR(dB) 


8-01 


15.2 


30.7 


good 


good 


52.8 


8-02 


10.6 


25.9 


good 


good 


53.5 


8-03 


5.3 


20.1 


poor 


good 


53.9 


8-04 


0.9 


16.2 


poor 


good 


54.7 



35 [01 73] As shown in Table 20, in the case where the Rc of the information recording medium was 5.3%, it was diffi- 
cult to read addresses in the initialized crystalline region. In the case where the Rc was 0.9%, it was difficult to operate 
the tracking servo mechanism in the initialized crystalline region. 

[01 74] On the other hand, the servo characteristics were stable and the address reading properties were good at 
Rc > 10%. Thus, when the information recording medium that was optically designed to achieve Ra>Rc is initialized, 

40 the lower limit of Rc is restricted. On the other hand, in the as-depo amorphous region that was not initialized after for- 
mation of the film, the address reading properties were good regardless of Rc. Since the reflectance of the address por- 
tion is kept at Ra if initialization is not performed, the lower limit is not restricted. Thus, when the phase change layer 
laminated with the crystal nucleus supplying layer is used, as-depo recording is possible, and even if Rc is near 0%, the 
reflectance of the address portion is Ra, which can be kept sufficiently large, so that the addresses on the information 

45 recording medium can be read and the servo characteristics can be stable. Moreover, good CNR is obtained. 

Example 22 

[0175] An information recording medium is produced in the same manner as in Example 21, and the reflectance 

so thereof is measured with a laser X = 405nm. 

[01 76] A ZnS-20moI%SiO 2 protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying layer 
2nm thick, a GeSbTe phase change layer 12nm thick, a GeN interface layer 5nm thick, a ZnS-20mol%SiO 2 protective 
layer, and a reflection layer made of an Ag alloy were formed successively in this order to produce an information 
recording medium 53. After formation, the Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and 

55 attached to a dummy substrate. 

[01 77] The complex refractive indexes of the protective layer, the interface layer, the crystal nucleus supplying layer, 
the phase change layer, and the reflection layer with respect to a laser beam of X = 405nm were measured by ellipsom- 
etry, and the thickness of each layer was determined precisely so that the absolute value of AR ( AR = Rc-Ra ) is sufR- 
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ciently large. A 3T signal is recorded once on grooves in the as-depo amorphous region and the crystalline region, and 
the CNR was measured. 

[01 78] Table 21 shows the results of the measurement 

Table 21 



10 



15 



Information recording 
medium No. 


Rc (%) 


Ra (%) 


Crystalline region 


As-depo amorphous region 








address reading 


address reading 


CNR(dB) 


9-01 


16.3 


31.5 


good 


good 


48.9 


9-02 


11.4 


26.1 


good 


good 


49.8 


9-03 


5.7 


21.0 


poor 


good 


51.0 


9-04 


1.2 


15.6 


poor 


good 


52.5 



[0179] As-depo recording was possible even at a short wavelength of X = 405nm. When as-depo recording was 
possible, the servo characteristics were stable and the address reading properties were good, even if the Rc was low. 
20 Thus, when the phase change layer laminated with the crystal nucleus supplying layer is used, as-depo recording is 
possible with a short wavelength laser beam and can be performed for high density recording. 

Fxampte 23 

25 [01 80] In Example 23, as-depo recording is performed on an information recording medium 53 comprising AglnS- 
bTe as the phase change layer. 

[0181] A ZnS-20mol%SiO 2 protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying 
layer, an AglnSbTe phase change layer 10nm thick, a GeN interface layer 5nm thick, a ZnS-20mol%SiO 2 protective 
layer, and a reflection layer made of an Ag alloy were formed on a polycarbonate substrate having a guide groove suc- 

30 cessively in this order. The ZnS-20mol%SiO 2 layer was formed by RF-sputtering from ZnS-20mol%SiO 2 as the basic 
material in an Ar gas atmosphere. The GeN layer was formed by RF-sputtering from Ge as the basic material in an Ar- 
N 2 mixed gas atmosphere. The crystal nucleus supplying layer was formed by DC-sputtering from the basic material in 
an Ar gas atmosphere. The AglnSbTe layer was formed by DC-sputtering from AglnSbTe as the basic material in an Ar 
gas atmosphere. The layer made of an Ag alloy was formed by DC-sputtering from the Ag alloy as the basic material in 

35 an Ar gas atmosphere. After formation, the Ag alloy layer was coated with an ultraviolet ray curable resin by spin-coating 
and attached to a dummy substrate. The information recording media of the samples include crystal nucleus supplying 
layers with different thickness. The thicknesses ranged from Onm to 7nm by every 0.5nm. Furthermore, a 3T signal was 
recorded in the as-depo amorphous state once, twice and 10 times. Table 22 shows the results. 

40 

Table 22 



45 



50 



55 



Information recording 
medium No. 


Thickness of SnTe film 
(nm) 


3T signal CNR (dB) 






recording once 


recording twice 


recording ten times 


11-01 


0.0 


26.8 


35.8 


53.0 


11-02 


0.5 


32.2 


41.1 


53.0 


11-03 


1.0 


32.0 


43.0 


52.9 


11-04 


1.5 


39.5 


49.2 


53.0 


11-05 


2.0 


52.5 


53.0 


53.1 


11-06 


2.5 


52.8 


52.9 


53.0 


11-07 


3.0 


53.0 


53.1 


53.0 


11-08 


3.5 


53.0 


53.0 


53.0 


11-09 


4.0 


52.9 


53.0 


53.1 
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Table 22 (continued) 



5 



10 



Information recording 
medium No. 


Thickness of SnTe film 
(nm) 


3T signal CNR (dB) 






recording once 


recording twice 


recording ten times 


11-10 


4.5 


51.8 


52.1 


52.0 


11-11 


5.0 


49.8 


49.1 


50.0 J 


11-12 


5.5 


48.1 


48.0 


48.3 


11-13 


6.0 


46.8 


46.7 


46.9 ! 


11-14 


6.5 


44.6 


44.7 


44.6 


11-15 


7.0 


42.3 


42.5 


42.4 



15 

[0182] As shown in Table 22, when the thickness of the crystal nucleus supplying layer was 2nm or more, a sub- 
stantially saturated CNR was obtained even by recording once. When the thickness was as small as 1.5nm or less, the 
amplitude was small in recording once, and since the noise level was high in recording twice, the CNR was low. The 
noise level became lower as recording was performed a larger number of times. Seven-times recording was required to 

20 obtain a saturated CNR. When the thickness was 4.5nm or more, a saturated CNR was not obtained at a recording 
power of 15mW. The results indicate that the thicker the crystal nucleus supplying layer is, the lower the recording sen- 
sitivity of the phase change layer is. The thickness of the crystal nucleus supplying layer that achieved the as-depo 
recording and provided good recording sensitivity was about 2nm to 4nm. Also when AglnPbTe was used for the phase 
change layer, as-depo recording was possible, and the effect of SnTe as the crystal nucleus supplying layer was con- 

25 firmed. 

[01 83] It is reported that AglnSbTe is a mixture of InSb and AgSbTe 2 , and therefore it is believed that since AgSbTe 2 
is of NaCI type structure, the generation of crystal nuclei is accelerated by SnTe. 

Example 24 

30 

[01 84] In Example 24, an information recording medium 53 comprising GeSbTe added with either of Ag, Sn, Cr, Pb, 
Bi, Pd, Se, In, Ti, Zr, Au, Pt, Al or Mn as the phase change layer was produced. 

[01 85] A ZnS-20mol%SiO 2 protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying layer 
2nm thick, a GeSbTe + M (where M is either of Ag, Sn, Cr, Pb, Bi, Pd, Se, In, Ti, Zr, Au, Pt, Al and Mn) phase change 
35 layer 10nm thick, a GeN interface layer 5nm thick, a ZnS-20mol%SiO 2 protective layer, and a reflection layer made of 
an Ag alloy were formed on a polycarbonate substrate having a guide groove successively in this order. After formation, 
the Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and attached to a dummy substrate. 
[01 86] Table 23 shows the results of recording in the as-depo state with respect to the above samples. In Table 23, 
( ACNR(dB)) = (CNR (dB) at the 10 th recording)) - (CNR (dB) at the first recording ). 

40 



Table 23 



45 



Information recording 
medium No. 


Added element 


ACNR (dB) 


12-01 


Ag 


0.5 


12-02 


Sn 


0.0 


12-03 


Cr 


0.8 ! 


12-04 


Pb 


0.1 


12-05 


Bi 


0.5 


12-06 


Pd 


0.3 


12-07 


Se 


0.4 


12-08 


In 


0.8 


12-09 


Ti 


0.2 
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Table 23 (continued) 



5 



70 



Information recording 
medium No. 


Added element 


ACNR (dB) 


12-10 


Zr 


0.1 


12-11 


Au 


0.3 


12-12 


Pt 


0.1 


12-13 


Al 


0.1 


12-14 


Mn 


0.2 



[0187] As shown in Table 23, a substantially saturated CNR was obtained even at the first recording, even if any of 
the above elements was added to GeSbTe. Therefore, also when a material represented by a composition formula 
75 GeSbTe + M is used as the phase change layer, as-depo recording is possible. 

Example 25 

[0188] In Example 25, as-depo recording was performed on information recording media 53 where the phase 

20 change layers had different thickness. 

[01 89] A ZnS-20mol%SiO 2 protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying layer 
2nm thick, a GeSbTe phase change layer, a GeN interface layer 5nm thick, a ZnS-20mol%SiO 2 protective layer, and a 
reflection layer made of an Ag alloy were formed on a polycarbonate substrate having a guide groove successively in 
this order. The thickness of the phase change layer was changed in the range from 2nm to 25nm. After formation, the 

25 Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and attached to a dummy substrate. After 
attachment, a non-initialized as-depo amorphous region and an initialized crystalline region were formed on the same 
plane by initializing a circular region in a portion of the information recording medium. 

[0190] The conditions under which recording was performed and the conditions under which evaluation was per- 
formed were the same as in Example 15. The CNR was measured by recording a 3T signal on a groove once in each 
30 of the two regions. Table 24 shows the results of the measurement. 



Table 24 



Information recording 
medium No. 


Phase change layer 
thickness (nm) 


3T signal CNR (dB) 






as-depo amorphous 
region 


crystalline region 


13-01 


2 


recording impossible 


not crystallized 


13-02 


3 


46.0 


46.8 


13-03 


5 


52.4 


52.6 


13-04 


7 


53.3 


53.2 


13-05 


9 


53.1 


53.2 


13-06 


11 


53.4 


53.3 


13-07 


15 


53.0 


53.1 


13-08 


20 


49.8 


50.6 


13-09 


25 


43.5 


44.7 



[0191] As shown in Table 24, when the thickness of the phase change layer was 2nm, crystallization was not 
caused. When the thickness of the phase change layer was 3nm or more, as-depo recording was possible. However, at 
55 25nm, the CNR was not saturated with a recording power of 15mW, and recording sensitivity was insufficient. For as- 
depo recording, the range for practical use of the thickness of the phase change layer is from 3nm to 20nm, and a pref- 
erable thickness is 5nm to 15nm. 
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Example 26 

[01 92] In Example 26, the effect of the crystal nucleus supplying layer on reliability of the recording characteristics 
was examined with respect to the information recording medium 53. 

5 [01 93] A ZnS-20mol%SiO 2 protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying layer 
2nm thick, a GeSbTe phase change layer 10nm, a GeN interface layer 5nm thick, a ZnS-20mol%SiO 2 protective layer, 
and a reflection layer made of an Ag alloy were formed on a polycarbonate substrate having a guide groove succes- 
sively in this order. After formation, the Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and 
attached to a dummy substrate. The information recording medium of Example 26 was produced in such a manner that 

10 Ra > Rc was achieved. Furthermore, the phase change layer was not initialized, and recording of a signal was started 
in the as-depo amorphous state. 

[0194] After the information recording medium of Example 26 was produced, the medium was allowed to stand in 
an environment of 20%RH at 90°C for 24 hours, and the changes in the jitter value before and after the 24 hours expo- 
sure to the environment were measured. The measurement was performed with respect to test 1 , test 2 and test 3. In 

15 test 1, as-depo recording was performed and the jitter value was measured before the 24 hours exposure to the envi- 
ronment, and after the 24 hours exposure to the environment, the jitter value was measured. In test 2, as-depo record- 
ing was performed and the jitter change was measured before the 24 hours exposure to the environment, and after the 
24 hours exposure to the environment, overwriting was performed and then the jitter value was measured. In test 3, 
recording was not performed before the 24 hours exposure to the environment, and after the 24 hours exposure to the 

20 environment, as-depo recording was performed and then the jitter value was measured. 

[01 95] The information recording media were evaluated with a laser having X = 660nm and NA = 0.6. The jitter val- 
ues of a 3T signal between grooves and on a groove were evaluated. The 3T signal was recorded once. The linear 
velocity was 8.2m/s. Table 25 shows the difference in the jitter between grooves between before and after the 24 hours 
exposure, and Table 26 shows the difference in the jitter on a groove. Herein, 

25 ( the jitter difference) = (the jitter value after the exposure) -(the jitter value before the exposure ). 



Table 25 



Information recording 
medium No. 


SnTe film thickness (nm) 


Jitter difference (%) 






testl 


test 2 


test 3 


14-01 


2.0 


0.0 


1.0 


0.3 


Table 26 


Information recording 
medium No. 


SnTe film thickness (nm) 


Jitter difference (%) 






testl 


test 2 


test 3 


14-01 


2.0 


0.0 


0.8 


0.3 



[0196] As shown in Tables 25-26, the jitter differences in tests 1, 2 and 3 were 2% or less in either of the cases 
between grooves or on a groove. In the case recording was performed in the as-depo amorphous state, the reliability 
was satisfactory. Thus, as-depo recording is possible and the reliability at overwriting can be ensured by laminating the 
so crystal nucleus supplying layer and the phase change layer (where a reversible phase change is caused). 

[01 97] As described above, although the present invention has been described by way of the embodiments of the 
present invention, the present invention is not limited thereto, and can be applied to other embodiments based on the 
technical idea of the present invention. 

[0198] For example, the information recording medium is not limited to the structures of the embodiments, and any 
55 information recording medium comprising the phase change layer laminated with the crystal nucleus supplying layer 
can be used. 

[01 99] Since the information recording medium of the present invention includes the phase change layer laminated 
with the crystal nucleus supplying layer, information can be recorded reliably and easily. Furthermore, the information 
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recording medium of the present invention eliminates the initialization process and allows as-depo recording. In partic- 
ular, in the information recording medium with Ra > Rc, even if Rc is near 0%, good address reading properties and 
stable servo characteristics can be provided. 

[0200] The method for manufacturing an information recording medium of the present invention allows the informa- 
5 tion recording medium of the present invention to be produced easily. 

[0201 ] The method for recording/reproducing information on an information recording medium of the present inven- 
tion allows information to be recorded reliably and easily. 

Claims 

10 

1 . An information recording medium comprising a recording layer formed on a substrate, the recording layer compris- 
ing: 

a phase change layer in which a reversible phase change is caused between a crystalline state and an amor- 
15 phous state by irradiation of a light beam; and 

a crystallization-ability improving layer for improving a crystallization ability of the phase change layer; 
wherein the crystallization-ability improving layer is formed before the phase change layer is formed, 
crystal nucleus generation and crystal growth are caused during formation of the phase change layer, and 
at least a portion of the phase change layer is in a crystalline phase after the formation. 

20 

2. The information recording medium according to claim 1, wherein A < B is satisfied, where A is an energy for crys- 
tallizing the phase change layer in the case where the crystallization-ability improving layer is formed, and B is an 
energy for crystallizing the phase change layer in the case where the crystallization-ability improving layer is not 
formed. 

25 

3. The information recording medium according to claim 1 or 2, wherein the crystallization-ability improving layer is 
formed of at least one selected from the group consisting of a telluride and a halogenide. 

4. The information recording medium according to claim 3, wherein the telluride is at least one selected from the 
30 group consisting of SnTe, PbTe, Te, Sb 2 Te 3 , Bi 2 Te 3 , GeTe-Sb 2 Te 3 eutectic compositions (hereinafter, referred to as 

GeSbTe eutectic) and GeTe-Bi 2 Te3 eutectic compositions (hereinafter, referred to as GeBiTe eutectic), and the hal- 
ogenide is at least one selected from the group consisting of ZnF 2 , AIF 3 , KF CaF 2 , NaF, BaF 2 , MgF 2 , LaF 3 , and LiF. 

5. The information recording medium according to claim 1 or 2, wherein the phase change layer has a halite type crys- 
35 tal structure. 

6. The information recording medium according to claim 1 , 2 or 5, wherein the phase change layer comprises GeS- 
bTe. 

40 7. The information recording medium according to any one of claims 1 to 3, wherein the crystallization-ability improv- 
ing layer has a halite type crystal structure. 

8. The information recording medium according to claim 3, wherein the crystallization-ability improving layer is a tel- 
luride and a thickness dt (nm) of the crystallization-ability improving layer formed of the telluride is in a range of 1 

45 ^dtsslO. 

9. The information recording medium according to claim 3, wherein the crystallization-ability improving layer is a hal- 
ogenide and a thickness df (nm) of the crystallization-ability improving layer formed of the halogenide is in a range 
of1^df^20. 

50 

10. The information recording medium according to claim 1, wherein a protective layer and a reflection layer are further 
laminated above the recording layer. 

11. The information recording medium according to claim 10, wherein a light-absorption layer is formed between the 
55 protective layer and the reflection layer. 

12. The information recording medium according to any one of claims 1 to 11, wherein initialization of the recording 
layer is not required. 
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13. The information recording medium according to any one of claims 1 to 12, which is a two layered information 
recording medium formed by attachment, 

wherein the substrate includes a first substrate and a second substrate, and the recording layer according to 
claim 1 is formed on both the substrates, and the attachment is performed in such a manner that the two sub- 
strates are positioned on outermost sides. 

14. The information recording medium according to claim 13, wherein the recording layer according to claim 1 is 
formed on the first substrate side. 

15. A method for manufacturing an information recording medium according to any one of claims 1 to 14, the method 
comprising forming the crystallization-ability improving layer, and then forming the phase change layer, 

wherein the phase change layer is formed at a rate r (nm/min) in a range of 5 £ r ^ 20. 

16. The method for manufacturing an information recording medium according to claim 15, wherein the phase change 
layer is crystallized in a process of forming the phase change layer. 

1 7. An information recording medium comprising at least a recording layer on a substrate, the recording layer compris- 
20 ing; 

a phase change layer in which a reversible phase change is caused between a crystalline state and an amor- 
phous state by irradiation of a light beam; and 

a crystal nucleus supplying layer that is laminated on the phase change layer and accelerates crystallization of 
25 the phase change layer. 

18. The information recording medium according to claim 17, wherein the phase change layer and the crystal nucleus 
supplying layer are formed uniformly all over. 

30 19. The information recording medium according to claim 17 or 18, wherein the phase change layer and the crystal 
nucleus supplying layer are formed in a shape of an island. 

20. The information recording medium according to any one of claims 17 to 19, wherein the phase change layer is in 
an amorphous state after formation. 

35 

21. The information recording medium according to any one of claims 17 to 20, wherein the crystal nucleus supplying 
layer and the phase change layer are formed from a substrate side in this order. 

22. The information recording medium according to any one of claims 17 to 21, further comprising a second crystal 
40 nucleus supplying layer for accelerating crystallization of the phase change layer, 

wherein the phase change layer and the second crystal nucleus supplying layer are formed from a substrate 
side in this order. 

45 23. The information recording medium according to any one of claims 17 to 22, wherein the phase change layer and 
the crystal nucleus supplying layer are formed from a substrate side in this order. 

24. The information recording medium according to any one of claims 17 to 23, wherein a transition temperature Tx1 
(°C) from an amorphous phase to a crystalline phase of the crystal nucleus supplying layer (hereinafter, referred to 

so crystallization temperature) and a crystallization temperature Tx2 (°C) of the phase change layer satisfy a relation- 
ship: Tx2 > Tx1 . 

25. The information recording medium according to any one of claims 1 7 to 24, wherein a melting point Tm1 (°C) of the 
crystal nucleus supplying layer and a melting point Tm2 (°C) of the phase change layer satisfy a relationship: Tm1 

55 > Tm2. 

26. The information recording medium according to any one of claims 17 to 25, wherein the crystal nucleus supplying 
layer is a compound comprising Te. 
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27. The information recording medium according to claim 26, wherein the crystal nucleus supplying layer comprises at 
least one selected from the group consisting of SnTe and PbTe. 

28. The information recording medium according to claim 26, wherein the crystal nucleus supplying layer comprises 
5 SnTe-M, where M is at least one element or compound selected from the group consisting of N, Ag, Cu, Co, Ge, 

Mn, Nb, Ni, Pd, Pt ? Sb. Se, Ti, V, Zr and PbTe). 

29. The information recording medium according to claim 28, wherein a content of M is in a range from 0.5 to 50atom%. 

10 30. The information recording medium according to any one of claims 17 to 29, wherein the phase change layer is 
formed of a chalcogen based material. 

31. The information recording medium according to any one of claims 17 to 30, wherein the phase change layer com- 
prises at least one selected from the group consisting of GeTe, GeSbTe, TeSnSe, InSbTe, GeBiTe and AglnSbTe. 

15 

32. The information recording medium according to any one of claims 1 7 to 31 , wherein the phase change layer com- 
prises GeSbTe and at least one element selected from the group consisting of Ag, Sn, Cr, Mn, Pb, Bi, Pd, Se, In, 
Ti, Zr, Au, Pt, A! and N. 

20 33. The information recording medium according to any one of claims 1 7 to 32, wherein a thickness d1 (nm) of the crys- 
tal nucleus supplying layer and a thickness d2 (nm) of the phase change layer satisfy a relationship: d2>d1. 

34. The information recording medium according to any one of claims 1 7 to 33, wherein a thickness d1 (nm) of the crys- 
tal nucleus supplying layer is in a range of 0.3 < d1 £ 5 

25 

35. The information recording medium according to any one of claims 17 to 34, wherein a thickness d2 (nm) of the 
phase change layer is in a range of 3 s d2 ^ 20 

The information recording medium according to any one of claims 17 to 35, wherein a reflectance Rc (%) of the 
information recording medium when the phase change layer is in a crystalline phase and a reflectance Ra (%) of 
the information recording medium when the phase change layer is in an amorphous phase satisfy a relationship: 
Ra>Rc. 

A method for manufacturing an information recording medium according to any one of claims 17 to 36, the method 
comprising forming a recording layer, 

wherein the step of forming the recording layer includes first forming a phase change layer and then forming a 
crystal nucleus supplying layer by a vapor deposition method. 

The method for manufacturing an information recording medium according to claim 37, wherein the vapor deposi- 
tion method is at least one method selected from the group consisting of a vacuum evaporation method, a sputter- 
ing method, an ion plating method, a CVD (chemical vapor deposition) method, and a MBE (molecular beam 
epitaxy). 

The method for manufacturing an information recording medium according to claim 37 or 38, wherein the step of 
forming the phase change layer is performed under a condition that allows the phase change layer to be amor- 
phous. 

40. The method for manufacturing an information recording medium according to any one of claims 37 to 39, wherein 
so the condition that allows the phase change layer to be amorphous is that a rate r(nm/min) at which the phase 

change layer is formed is in a range of r s 30. 

41. A method for recording/reproducing information on an information recording medium according to any one of 
claims 17 to 36, 

55 

wherein the recording layer includes a phase change layer and a crystal nucleus supplying layer, and 
information is recorded by causing a phase change in the phase change layer by irradiating the recording layer 
with a laser beam. 
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42. The method for recording/reproducing information on an information recording medium according to claim 41, 
wherein the phase change layer is formed in an amorphous state, and recording information is started on the phase 
change layer in the amorphous state without the phase change layer being crystallized. 
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